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EDITOKIAL NOTE. 



In reporting progress, I have to state that the portion of this Dictionary now 
pnhlished is of sufficient extent to render apparent, by examples, the plan and 
scope of the whole work, the Second Division of which, contained in the present 
Yolmne, suppUes specimens of extensive articles on leading branches and important 
departments of engineering skill and industry. For instance, the article on 
BoiLEBS, which treats of the generator of the motor Steam, occupies 90 pages, 
and is illustrated by 140 suitable engravings on wood ; the article on Bobino 
AND Blasting extends over 85 pages, and is illustrated by 148 wood engravings. 
Brake, with its 69 cuts, makes 44 pages. In the present volume. Bridge and 
Bridge-building, with the accompanying 120 wood engravings, take up 150 
pages. Many other articles might be named that occupy more space than one 
of the current semi-monthly parts. A sUght inspection will show that this 
Dictionary will be amply illustrated, as the First and Second Divisions, occupying 
768 pages, contain 1575 practical diagrams and working designs. 

The practical mechanic or engineer — especially if he has neglected to study 
mathematics, abstract mechanical principles, chemistry, orthographic and other 
projections — should pay particular attention to the articles on Algebraic Signs 
and Atomic Weights; Acceleration, p. 7; Air-ohamber, p. 34; Angle- 
brackets, p. 91 ; Angular Motion, p. 103 ; Boiler, pp. 395, 416 ; 425, 735 ; 
Boring and Blasting, p. 572 ; Brake, p. 618 ; Bridge, pp. 665, 683 ; Note 
on Trigonometry, p. 688 ; Spiral Surfaces, p. 728. 

Many original investigations and solutions of important mechanical problems, 
not to be found elsewhere, are and will be given in this work ; see pp. 46, 236, 
429, 619, 629, 665, 764. 

Among the subjects which will be immediately treated of I will name the 
following : — The Mining, Metallurgy, and Working of Copper ; Coast Defences ; 
Cotton Machinery; Casting and Founding; Cranes; Coal-working Machinery; 
Caisson ; Cements ; Concrete ; Cams ; Cork-cutting Machinery ; Cask Machinery ; 



viii EDITOEIAL NOTE. 

Ghimneys and Chimney Shafts ; Details of Engines ; Drilling Machines ; Dyna- 
mometers; Draw -Bridge; Distilling; Docks; Dredging Machines; Drainage; 
Diving Apparatus. 

The proprietors of inventions and of important machinery in active operation, 
which possess phases of interest but little known, are invited to forward to me 
Plans and Descriptions of such specimens of skill and ingennity that may appear 
suitable to the character of this worL Gommnnications not made use of will be 
returned after the work is completed, and all contributors will receive due credit 
for their contributions. 

OLIVER BYKNE. 



BODY-PLAN. 385 

The choice of a deck-line has everything to do with the usefulness of a ship for its purpose, 
more even than her behaviour at sea. This main or construction deck is, in small vessels, the 
uppermost deck, but in larger vessels there is a spar-deck above it ; in a three-decker there are 
three decks above it, and in the GREAT EASTERN there are four decks above it and four 
below. As a general rule also, when a vessel is deeply laden, this deck is an eighth or a tenth of 
the beam of the ship above the water. 

A little consideration of the purposes a main-deck has to serve will help to ihdicate how 
various its shape should be. In a vessel meant to be fast, one would wish iU point to be like 
the rest of the bow of the ship, fine and sharp, because, if. we put a full and bluff deck on the top 
of a fine fast bow, we not only give the vessel many bad qualities in pitching in a sea, but the 
fulness of the deck-line will be continually taking speed from the ship whenever the sea meets it, 
and so counteracting the very quality we meant to gain by giving a sharp bow under water. This 
argument in favour of sharpness appears at first sight inconsistent ¥rith the (Quality of a roomy 
fore-deck, which is to be obtained by a great, broad, bell-mouthed bow, fiaring out wide over the 
surface of the water. Such a bow the old school and our Dutch neighbours dearly love and still 
believe in ; and we should never have succeeded in introducing the fine sharp deck aloft, in opposi- 
tion to the traditional prejudices and professional proverbs, in which the wisdom of seamen has 
come down to us, but for the fact, that the full projecting deck-line aloft has been found fatal to 
speed, and especiallv to speed in bad weather. There can be no doubt that in fine weather a 
large roomy bow on deck is a handsome and agreeable thing ; all the work of the ship can be done 
in it comfortably and handily. There is room for everything, and to spare ; nothing is huddled 
up, and you can get freely about everything : all this can be said with great plausibility and some 
truth, and it is still more applicable to a ship of war than to a merchantman, because, in chasing, 
it is desirable to lay two long guns parallel to each other in the line of the keel, and to be able 
to nm them out through two bow ports, clear of everything, and to work them comfortably in that 
position. It was long pretended that it was impossible to do this on a sharp, fine deck-line, and 
for many years did Admiral Berkeley delay the improvement and stop the speed of our finest 
ships, for this crotchet, which in the end turned out to be a crotchet, and nothing more. 

The simple fact is, that the roominess, dryness, and comfort of a full deck-line, instead of a 
fine one, is, impression or belief, and nothing more. If you imagine that a fine bow is got by 
cutting so mucn room off a full bow, and so diminishing the extent of available deck-room for 
working the ship, you may consider the fine bow as narrow, confined, and inconvenient ; but the 
practical fact is the contrary to all this. The fine deck-line of a modem fast ship is not got by 
cutting anything off the length, or off the width, or off the roominess of a deck ; the sharp bow is 
got by adding on a fine entrance to a bluff one, and by lengthening the deck : the full parts of 
the ship and of the deck remain where they were. All that is necessary, therefore, is to take 
care that the work and working parts of the ship shall, in the fine bow, be kept weU back in the 
broad open space of the deck, and not crammed forward into the narrow space, which has been 
superadded, and which should be kept perfectly clear and unhampered. It is also a further 
peculiarity of the fine bow and fine deck-line, that the foremast stands much farther aft than in 
the old full bow, and that there is, therefore, more room before the mast : care must, therefore, be 
taken to keep windlass, capstan, catheads, anchors, and all the working parts in the bow, well 
aft, — not to give room merely, but also to keep heavy weight, as it always ought to be kept, out 
of the extreme bow of the ship. 

There is another way of looking at this matter. I am very fond, says Russell, of covering in the 
whole of the fine part of a deck forward with a light forecastle bulkheaded off, especially in iron 
ships. It is a great convenience, and forms capital quarters for the crew : it keeps the head light 
and dry; and immediately abaft the forecastle a broad, roomy deck is still to be found. But there is 
another way of giving a roomy deck, that is, a wide one, on a sharp-bowed vessel. I have done it in 
vessels of war with perfect success, so as to make an extremely fine bow carry two long 8-in. guns 
parallel to the keel, through two comfortable ports, with ample room all round to work and train 
them freely. This I did oy shortening the deck, or stopping it very much short of the bow, 
carrying the bulwark round the bow considerably behind the stem ; the real deck beyond the 
bulwark forming part of the head, which, instead of being grated and overhanging the sea, had a 
solid oak deck over the greater part of it, leaving the head as convenient as before for all practical 
uses. In this way the bulwark of the deck left the real line of the ship 30 ft. short of the stem, with 
a fine, round, roomy deck to delight the heart of a commander of the old school, by giving him all 
he wanted on the inside, without impairing the form, which the sea demanded, on the outside. 

There is yet another way of planting a full, round, capacious deck-line on a fine, hollow, fast 
water-line, and yet perfectly reconciling them to one another, so as to form a handsome, sym- 
metrical, sea-going ship. This is to carry out the tumble-home bow. Of this system I am a warm 
advocate : it makes a vessel dry, easy, and safe. For a long time there has been much prejudice 
against it. The rising generation will prolwibly adopt it largely ; for the length and size of 
vessels will increase rapidly, and render it unnecessary to seek room by means of an exaggerated 
bow-line over a fine water-line. To carrv out properly this system of tumble-home bow, it is only 
necessary to take a tolerably full, easy deck-line, composed of two circular or two parabolic arcs, 
laying them over the water-line, and so far behind it, as to be easily reconciled with it, by means 
of the cvcloidal buttock-line ; a process which will be guided, in a great measure, by the point at 
which tne cycloidal buttock-line, already drawn, meets the level of the deck. 

In the stem, there is even greater scope for management and fitting for use. I believe in large, 
capacious, roomy stems. I think room can be got there with less cost and sacrifice than in any 
other part of the vessel ; and hence the sterns of my ships have been called, by those who delight 
in small, narrow stems, " Scott-Russell's ugly stems." A small, handsome, light, little stem, may 
be eyesweet and pretty, but, to my mind, it is a costly whim. I scarcely know any good quality of 
a 8h^> which is not improved, or any economy which is not enhanced, by a large, roomy stem and 
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deck-line. In a merohsntman it gives large 
puietiger cabins, airy aa well aa room;, and in 
that part of a sbip which pays the owner beet. 
In a ihip of war it ^ivea a map^iiflcent room; 
poop, and plont; of space for workini^ the stem 
guns: which however are, perhaps, Beldnm wanted 
Ui a British ship of war. There is yet thia further 
lecoDunendation be;ond all, — ^that tbe roomineaa 
and fulness of the atem in tbe neighbonrhood of 
the deck-tine is the greatest element of aafet; 
in the ship's most perilous poaition, of running 
before a heavy wind in a storm, and in most 
circumatanoes it may be used with advantage to 
enhance the stability and sea-going qualities of 
the ship. 

The best way to turn tbe stem to advantage, 
for room and wbolesomeneas, is to carr; the 
breadth on deck well aft, to taper the ship in 
towards tbe stem but little, and even, if neces- 
sary, to carry the projection of the stem a good 
way abaft and beyond the perpendicniat, follow- 
ing, however, and not extending bejond, tbe 
vertical bnltock-line already given. Here wo 
may steal a great deal of room from tbe sea. 

An early question arises : Shall we make the 
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stem round or sqnare? I answer,— Its bulk is 
tlie main point : ito shape is of less consequence. 
If you like, as a matter of taste, to cut the 
comers olT, it becomes a round stem ; and nothing 
is more common than to see people cut off the 
stem inside, and then stick something on the 
outside, to make up in appearance for the comers 
cut oIT. When very little is cut off the comers, 
it has been common to coll it an ellipticnl 'Ifm, 
although it never is an ellipse ; and when much 
is cat off, the stem is called rouiuf, although it 
never is circular. My own opinion aboni the 
precise outline of tbe deck astern is, that, so far 
as the qualities of the sliip out of water are con- 
cerned, it is of little importaure. 

The constrqotor is now prepared to adopt a 
definite form for bis deck-line, which is plainly 
a compound affair of policy, diplomacy, and taste. 
For a trial line I should use, forward, two arcs of 
a circle, intersecting at the liow, and having their 
centres on a line drawn athwartahips, half-way 
between the pcrpendiculHrs ; thence I should 
JDCline by two parabolic arcs, gradually narrowing 
to the breadth of tbe intended stem; and, for 
that breadth, I should adopt, at tlic point where 
it passes the perpendicular, some specific propor- 
tion— 6, 7, or 8 tenths— of tbe midship breadth; 
finishing with whatever straight line or curve 
may have been determined on, as regards room 
at tbe stern. Indeed, in a vessel of no great 



length, and nltboat much OTerhanging coiuiter, I 
cfiDQnt we any harm likely to arise from t»njiag 
the full brotdth of the deck amidahipa right aft 
to the Btern, with merely aufflcicnt curvature to 
give an agreeable line. 

The completion of the desiga now requires lu 
to reconcile these four ruling lines of the ihip 
with one another. In this operation, what ths 
coiutructor must keep mainly in view, i« to ex- 
tend, aa f ar ea poeaible, through all the reniaiuiDg 
lines of the ehip. the good qualities which have 
been eetabliahed in the ruling liuen. 

To Vottttntct the reoKiining Wul/r-liaea.— 11 it 
moat derirable that the water-lines of the entrance 
abould be as exactly as possible of the aame 
form, on reduced breadth, as the main water-line. 
There will be some ditUculty in doing this, espe- 
cially Dear the keel; and the tendency of thcM 
lines will be to elongate thenuelvee forward. 
This ia to be avoided. 

The remaining water-linea of the after-body 
are to be constructed on newly an opposite prin- 
ciple. They are to deviate rapidly from the chief 
water-line of the after-body already drawn ; and 
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this they will do naturally, because the main 
buttock-liae, which nilea the after-body, compel* 
the water-lines to increase rapidly in flneneaa, as 
they Eo down in the water, and to extend rapid!; 
in fulness, as they rise to the surface; thus 
giving what I lielieve to be the beat kind of stem, 
namely, very fine below and very full above. In 
this respect it is a contrast to the bow, which is 
kept as full aa may be, oonsistently with the chief 
water-line, all the way down. 

It is desirable to have at least three complete 
water-lines, in order to form a first approximation 
to the complete calculation of the ship. 

On tht Compltlion of the Vertioal Cnai-MCticHU, 
or Bod}/-pln«. — The cross-eectionB are all to be 
regarded as midship sections modified, but each 
of them giving, to the part of the ahtp where 
it lies, qualities which either enhance the good 

Jualities of the midship section, or impair them. 
. vessel, with a fine, powerful midship section, 
may easily be impaired by feeble ends, and a 
weak midship section may be reinforced by good 
crose-sectiona, especially in the after-body. What 
the designer has to hear in mind, then, is to study 
how far he can enhance, support, and carry out 
the qualities of the main midahip section in the 
rest of the body. In this attempt he will be 
materially aided by the choice which he makes 
of that cross-section which passes through the 
after-perpendicular. To this frame, beins abso- 
lutely out of the water, he is free to give any 
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Nbape he pleases: and having fixed this, lie will 
find that, with the main buttocli-line, it rules tlia 
entire fonn nf the after-body, and aho centrots 
materiiilly the BorfftCc WBter-line of the atcm. It 
IB this stem cro«s-8ectinn which I am id the habit 
of making very full, in order to turn the after- 
body to the best possible account. Great cantioD, 
however, lias to be tfhserved, not to make this 
fulness abrupt: otherwise, when rising and falling 
in the sea, the countot will be apt to strike the 
water with violence. 

The ciroamrtanee, that this portifln of the 
vessel remains so entirel)' subject to the free will 
of the designer, makes it, for the ineipeiicnced, 
the most difflcult port to decide end determine : 
and a greater variety of forms will be found about 
the region of the stem aljove the water, than in 
any other part of a ship. The learner will, there- 
fore, natumlly bo disposed to take this from the 
best examples he can find, and for which I refer 
him to the best vessels en^^svcd in my work. 

The vertical sections of the after-body, fol- 
lowed out in the manner I have indicated, will 
be found, as they approach the stem, to have 
become very fine below and very full above ; and 
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BO they ought to be: bnt in the bow there will 
generally be found a 8iniih>r tendency of the litiea 
to become extremely fine below, and to grow full 
above, — and there it is necessary to counteract 
this tendency, instead of encouraging it, as abaft. 
The bow cross-sections must, therefore, be made 
to maintain their full breadth well down towards 
the keel; and care must also be taken that they 
do not spread nut rspdly at the surface of the 
water, and above it. The reason why the fulness 
should be preserved below ia, that the business 
of the fine part of the bow, or cutwater, is to 
displace or remove the water oat of the way of 
that part of the ship which is to follow : and if 
the bow part be cut away loo fine, this work will 
not be done, and the part behind will still have 
the work of displacement, with a bluffer entrance, 
and a shorter time to do it in,— which ia the 
same as to say, that it would then reqnire unne- 
cessary force, hj causing unnecessary resiBtance. 
The main water-line having, therefore, already 
rendered the lx)w sufflciently fine tor the service 
of dividing the water, care must be taken not to 
carry this flnenesB further than necessary, or than 
it is carried in the chief water-line, 

Horeover, much care will be needed to prevent 
the crofis-sections of the bow from Oaring out very 
much, to meet the line of the upper deck. To 
avoid this, we have recommended that line to be 
kept Bne, and to be thrown as far backwordii from 
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the fore-perpendicular as oonveniently practicable. Moreover, the cycloidal bnttock-line, properly' 
used, will help to throw the deck back, and to prevent it from spreading over the fine oow : 
nev^heless, it will always be a matter of great difficulty to reconcile the wave water-line, the 
full deck, and the cycloidal buttock-line ; but when it is well done, it makes the most beautiful, 
as well as the b^ of all sea-bows. For fresh-water bows it does not matter how much the deck 
flares out, or how much it overhangs the water : it is in the sea that the true skill of the accom- 
plished naval architect is to be developed. It is not the best voyage in fine weather, but the best 
behaviour in bad weather, which gives reputation to the truly seaworthy ship. 

BOILER. Fb., Chaudiere a vapeur ; Ger., Dampfkessel ; Ital., Caldaia ; Span., Caidera, 

A boiler is a sUong metallic vessel, usually of wrought-iron plates riveted together, in which 
steam is generated for driving engines, or other purposes. 

Fig. &3 is a section of a locomotive boiler ; A, fire-box ; B, combustion chamber ; D, grate ; 
0, ash-pan ; K, water-legs ; P, crown sheet ; H, wagon-top ; I, steam-pipe ; J, steam-dome ; 
G, gusset; F, barrel; X fines; 
N, breeches-pipe; M, smoke-box; 
L, saddle ; 0, blast-pipe ; B, dry- 
pipe. 

A steam boiler generally consists 
of a fire-box, where the combustion 
of fuel occurs, and fines, through 
which the products of combustion 
pass into the chimney. These parts 
are made of thin metal, and sur- 
rounded by water, which, together 
with the steam room, is contained 
in an outer shell. The principal 
varieties of boilers are, — the cylinder 
bailer, which consists of a single iron 
shell ; the retum-fiue and the drop- 
flue boilers, called flue boilers, which 
are single shells containing a small 
number of large fines, through which the heat either passes from the fire or returns to the chimney, 
and sometimes containing a fire-box enclosed by water; the multiflu^ or locomotive boiler, which 
consists of an enclosed fire-box and a large number of small fiues leading to the chimney ; and the 
water-tube boiler, which consists of an enclosed fire-box and a fire-chamber filled with small tubes, 
through which the water circulates. Tubular boiler, a multiflue or multitubular boiler, in dis- 
tinction from a boiler with large flues. 

Copper, when the temperature of the steam does not exceed 200° Fahr., is the best material for 
boiler construction, its power of conducting heat being nearly double that of iron ; a copper boiler 
of only one-half the superficial contents of an iron one will generate a similar quantity of steam. 
The power of copper in conducting heat is about 898*2, and that of iron 374*3. Iron possesses the 
greatest cohesive strength, yet manufacturers 
generally construct their copper boilers of 
thinner metal on account of the greater uni- 
formity in the substance of copper plates as 
well as for the sake of economy, copper being 
five times the cost of iron ; but an old worn- 
out boiler is worth three-fourths its original 
value, whereas the value of an old iron one is 
comparatively trifiing when the cost of removal 
is deducted. Copper has also been proved to 
be the safest : when a copper boiler bursts or 
explodes it is merely rent open, but an iron 
boiler is generally blown to pieces. 

Fig. ^4, which is a longitudinal section of 
a marine tubular boiler, shows the general 
arrangement of parts in a marine boiler. A is 
the* ash-pit; C dead-plate; EE the grate; 
FF the uptake; GG the tubes and tube- 
plates ; H the beck uptake, fiame-chamber, or 
rising fine ; I the chimney ; O the bridge ; and 
P P stay-rods. 

The boiler shown in Figs. 835, 836, 837, 
is according to an arrangement invented by 
David Thomson, and successfully introduced 
by Bichard Moreland and Sons, London. 

Fi^. 835 represents a longitudinal section, 
and Fig. 836 a front elevation and cross-section 
of a Thomson boiler, 8 ft. long and 5 ft. 6 in. 

diameter, having the same amount of heating-surface as an ordinary Cornish boiler 27 ft. long 
and 5 ft. diameter, with an internal fire-tube 2 ft. 9 in. diameter. Fig. 837 is a front elevation 
and cross-section of a boiler, 8 ft. long and 8 ft. diameter, having as much heating-surface as the 
very largest sized double-fiued Cornish boiler 33 ft. long and 7 ft. diameter. The fire-chamber 
is the same as in Cornish boilers, and is fitted with the usual furnace door and adjustable slide 
to admit air over the fire for the coml^ustion of the smoke. The ash-pit is also fitted with a door, 




by meuu of vhioh the draught can bo regnUted. The- prodnotB of oombtution, tfter Muiag the 
flre-bridge, moke their yi$,j through perforated fire-brick into a roomy chamber liaed with fire- 
brick, md thence pam tiuoi^h the miall tnbea to the front HDoke-box, from which they return 




through the larger tubes to the chimnej, nipeTbeatiQg ftnd drying the etearo in their poaafiv. 

The iteam-pipe extends internally over ue wnole length of the boiler, and is pierced with Binall 

holes, which cause it to take tlie ateam equally from all parts of the boiler, while the steam ia 

oompelled by the plate a, Fi^s. B35 to 837, to pass over .» 

the heated surface of all the large tubfs before reaching 

the steun-pipe. Ogle, of whom we shall hereafter sp^k, 

introduced this description of eteem-pipe in some M the 

later sjTsngenteiite of his boiler. When the boiler is nsed 

for DOD-condei^sing engines, it is advisable to bring the 

eihanst-pipe of the engine to the bottom of the chimnej, as 

at 6, Fig. S3S, where it serves to stimulate the draught. 

But provision is made for increasing or regolSiting the 

dranght to any extent by a steam jet-pipe c, I^gs. 8S6, (87, 

having a smaU hole opposite the centre of each <^ the large 

tubes, b; which s jet of ste&m can be projected through 

it. This method of applying the steam jet to increase the 

draught is found to be much more certain, powerful, and 

eooncnnical than when applied in the chimney. 

This boiler, oonstructed by the Morelands, is short and 

of large proportioned diameUir, and from its circular form 
is well adapted for high pressures. There is also a large 

amount of neatii^j-surfaoe within a small bulk, and no 
boiler^eating is required ; hence it is a boiler suitable (br 

■ituations where Bpcu» is limited, or when it is desirable to 
reduce the oost of Siing and of brickwork. 

The wagon-boiler, Figs. 838, 839, is nsed for generating 
low-piessure steam only. 

ia Figs. 838, 839, which are transverse and longitudinal sections respectively, A is the supply- 
pipe from the hot well terminating in the cistern at the top of the feed-pipe ; B cistern at the lop 
of feed-pipe, having a valve flzed at the bottom ; C the float employed to regulate supply of water 
to boiler. The water is kept at the same height by its action upon the valve at the bottom of the 
feed-pipe : thus, when there is not sufficient water in the boiler, the float sinks, pulls down the arm 
of the lever aa to which it is attached, and opens the valve, since the counterbalancing weight d 
fixed at the other end of the lever will only support the float when iu its proper situation in the 
boiler and at the required level of the water. D is a self-acting damper for regulating the con- 
sumption of fuel ; E E gauge-cocks ; Q steam-gauge ; H safety-valve, regulated by the engineer ; 
I air-valvo, or atmospheric safety-valve; U the locked safety-valve. A pipe is shown at the top 
which leads the steam that escapes into il to the flue or into the air. The steam posses from the 
boiler through the steam-pipe ; a valve, called a throttle-valve, L, being placed in it for regulating 
the amount of steam to the cylinder ; M furnace-bars ; N the flue : 6, S stays. 

Figs. 810 and 841 represent longitudinal and transverse sections respectively of the Whittle 
boiler, a, a are the plates forming the body of the boiler ; b, b the inner casing or lining : c is the 
oiiculating space between the inside of the boiler and casing, b, VThen heat is applied to the 
outside of the boiler a, the water in the spaoo c ia first bested, and oommences to ascend in the space 
e; and as the beat inoreases, a rapid circulation of the water and steam takes place up the heated 
•ides of the boiler. When the water and steam reach the upper edge or lip of the casing 6 (which 
extends a little above the water-level), the steam is separated &om the wat«r, which steam occu- 
pies the upper port of the boiler; bat the water boiling over the edge of the lining or casing fr into 
the centnl put of the boiler, deseends through the aiiat upright pipes dd through the bottom of 
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the lining into the space c, and thus maintains a continuous circulation so long as heat is applied. 
The mud carried over settles on the bottom of the lining, as shown in the figures, where it is 
retained, thus preyenting the formation of deposit on the plate of the boiler. By this arrangement, 
the boiler is kept clean and not liable to rapid incrustation. When Cornish or fluid boilers are used, 
as shown in Fig. 842, the flues are surrounded by a casing e e^ the circulation taking place up the 
space //, the hot water and steam being delivered at the opening g, as shown in the drawing. 

Fig. 843 represents the application to a marine steam-boiler, where b b are the linings or 
diaphragms between the series of flues c c of the boiler. By the use of these linings or diaphragms 6 
a steady circulation of the water in the boiler is set up, and the mud and deposit are, in conse- 
quence, made to accumulate at the bottom of the boiler, from whence it may be olown off. 

Before giving an extensive analysis of the different arrangements of locomotive, marine, and 
other boilers, designed to effect particular objects, it is necessary to point out some of the leading 
properties of heat, water, and steam, determined by abstract reasoning and corroborated by 
experiment. 

Calorific Capacity of Bodies. Unity of Heat. — In observing the general mode in which 
bodies become heated, we recognize this fact, which may be said to be purely external, that in 
order to bring different quantities of a same substance to a same temperature, the same com- 
bustible being used, the weights of the latter must be proportional to those of the substance. 

For example, if 10 kilogrammes of coal are requisite to raise the temperature of a certain 
weight of water from to 20 degrees — the conditions remaining unaltered — it will take 20 kilo- 
grammes to perform the same operation upon twice that weight of liquid. 

The reduction of this observation to the accurate data of science led to the following positive 
result, namely : That, to raise a same weight of a same homogeneous and determinate substance 
one degree in temperature, the expenditure of a same quantity of heat is invariably necessary. 
And moreover, with certain restrictions : That the quantities of heat required are proportioned, to 
the weight of that same body and to the Increase of temperature. 

This being once established, it became easy to create a representative value capable of serving 
as unity of comparison in the various interchanges of heat that take place between different bodies, 
and of enabling us, also, to estimate the quantities of heat supplied by calorific sources. For that 
purpose it was sufficient to select some nomogeneous substance, and to adapt, as point of com- 
parison, that exact amount of heat that was required to raise its temperature by a given value. 

Acting in accordance with these principles, that quantity of heat which is necessary to increase 
the temperature of one kilogramme of water by one degree centigrade is what has been adopted as 
the unity, and serves to compare all the interchanges of heat that are observed. 

Consequently, if we take a kilogramme of water at zero, and raise it to the temperature of one 
degree, we say we have given it one unit of caloric ; if to two degrees, two units ; and so on. In 
like manner, one kilogramme of water, at any temperature above zero, is considered to possess as 
many units of caloric as it has degrees of temperature. 

We are here speaking of water in its liquid state, and of its heat in so far as it is sensible to 
the thermometer, but not of the total amount of heat it in reality possesses at a given temperature. 
We shall hereafter see that the greater part of the heat contained in a body is latent and constitu- 
tive of its liquid or gaseous state. 

Let us, as an example, suppose a red-hot bullet to be plunged into a vessel of water, and then 
observe the increased temperature derived by the latter from the cooling of the bullet, as it 
abandons its heat in favour of the liquid. By taking into consideration the water only, and setting 
aside the losses of caloric occasioned by evaporation and radiation, it will be easy to estimate the 
amount of heat gained by the liquid mass, by means of its actual weight and increased temperature. 

From what has just been said of the connection that exists between the temperatures in degrees 
and the quantities of heat, if 50 kilogrammes of water, at the temperature of 12 degrees, acquire a 
temperature of 45 degrees by the immersion of a heated body, the quantity of caloric gained oy the 
water will be ascertained by finding the product of the difference of the observed temperatures by 
the weight of the mass expressed in kilognunmes. 

Let W be the weight of water in kilogrammes ; 
t be the original temperature ; 
f be the increased temperature ; 
n be the number of units of caloric gained ; 
we have 

n = (/' — W ; whence n = (45 — 12) 50 kilos. = 1650 units. 

The reasoning would be precisely the same if it were required to find the number of units of 
caloric lost by the immersion of a body colder than the water. 

If, for example, we plunge a very cold body into 50 kilogrammes of water at 45 degrees, and 
that, the temperature being thereby reduced to 10 degrees, we wish to know how many units of 
caloric have been lost by the water after the equilibrium has been restored, we have, as before, 

n = (45 - 10) 50 = 1750 units. 

Specific Jleat, — A body is said to have a greater or less capacity for heat, according as it requires 
a greater or less amount to cause its temperature to vary an equal number of degrees. If, by com- 
paring two equal weights of two different substances, it be found that, in order to increase their 
respective temperatures by one degree, it takes twice the quantity of heat in the one case that it 
does in the other, we conclude that the calorific capacity of the one mass is double that of the other. 
By representing, therefore, the smaller capacity by 1, we may represent the larger by 2. 

The calorific capcu^ity may likewise be characterized by observing the ratio of the tempera- 
tures acquired by equal masses of different substances to which equal quantities of heat have oeen 
communicated ; the coldest evincing, necessarily, the greatest calorific capacity. Moreover, the 



BOILER. 



893 



nnmerioal ratios of those capacities will be represented by the temperatiires expressed in degrees, 
but in inyerse proportion. 

For instance, supposing that we plunge three equal bullets, of the same metal, and heated to 
the same temperature, into three equal volumes of different liquids, and afterwards find that the 
temperatures of those liquid masses have been respectively raised 1 degree, 2 degrees, 3 degrees ; 
it may be said that their calorific capacities are Inversely proportional to these increments of tem- 
perature, that is, as 3 : 2 : 1. 

So that the calorific capacity of a body, or its specific heat, is represented by a number, similar 
to a coefficient, and which has reference to the unity for which the specific heat of a certain sub- 
stance serves as standard. 

For liquids and solids the standard chosen is water, the unity of heat corresponding, as we have 
already stated, to that quantity which is necessary to raise tne temperature of 1 Mlogramme of 
water 1 degree. 

In the case of gases, atmospheric air has been selected as the standard of comparison ; but 
water must, nevertheless, also be used, so that absolute practical values may be obtained. 

When we wish to find the respective calorific capacities of gases, we compare them, one with 
another, in equal volumes, but under two different conditions. 

When a gas is heated, it expands, and tends to increase its volume. If it be subject to a con- 
stant pressure, that augmentation takes place freely, according to the value of its coefficient of 
expansion. If, on the contrary, the space that it occupies be inextensible, its volume remains the 
same, but its pressure increases. It has, consequently, been the preoccupation of physicists to 
ascertain whether, under these two conditions, the calorific capacities of gases might not be 
different ; and that is why the Tables, giving the results of their labours, show two columns, based 
upon the foregoing consideration. 

From the purely practical point of view we are now taking of the subject, this distinction is, 
perhaps, not of any very great importance, especially as the differences themselves are not very 
considerable ; but it was necessary that we should mention it, in order that the following Tables, 
borrowed from the illustrious satxmts to whom we are indebted for these useful researches, may be 
better understood. 

We must further state that it is our intention to cite such substances only as are susceptible of 
being employed in the organs of motion about to occupy our attention. 

To render these Tables perfectly intelligible, it will be sufficient if we define clearly what is 
meant by the numerical value of the coefficient of specific heat, or simply, by the calorific capacity 
of a body. 

It being agreed to term unity of heat that quantity of caloric which increases by 1 degree the 
temperature of 1 kilogramme of water, comparisons were made with a large number of substances, 
and it was found that that same amount of heat produced, in every kilogramme, modifications of 
temperature that differed widely, according to the substance to which it was applied ; and that, in 
nearly all cases, the elevation of temperature was much more considerable than that of the water. 

But this very definition of calorific capacity tends to show that the ratio between the increased 
temperature of the water, that is to say, one degree or unit for every kilogramme, and the increase 
of temperature of the substance under consideration, is precisely equal to the inverse ratio of the 
capacities of that substance and the water. 

Consequently, if c represent the capacity of water and t its increased temperature, c' the capa- 
city of the substance to be compared and r its increased temperature, we shall have 

t c' 

t : t' :: </ : c, or -; = — . 

r c 
But the value of both t and c being the unity, the capacity c' of the given substance is 

Whence we derive the following definition : 

77^ numerical value c' of the coefficient of specific heat of a determinate substance is equal to the 
quoUent of the unity divided by the increase of temperature produced by one unit upon one kilogramme of 
thai substance. 

The values inscribed in the following Tables are precisely the aforesaid quotients for each cor- 
responding substance. A little later we shall give a few examples of the use of these values. 

Table I. — Capacities of Gases. 
Ascertained by MM. Delaroche and Berard, those of air and water being taken as unity. 





Gnlorific Capacities, that of Air 
being I for 


Capacities for 

equal Masses, 

Water being 

taken as unity. 


Batio of Capacities for 


Naswt of Oases. 


Constant 
Volumes. 






Equal Volumes. 


Equal Masses. 


Constant 
Pressures. 


Atmospheric air 

Hydrogen 

Oxygen 


1000 

0-9035 

0-9765 

1-9600 


1-000 
12-3401 
0-8848 

31360 


0-2669 
3-2936 
0-2361 

0-8470 


1-421 
1-407 
1-415 


100 
100 
1-00 


6team 


According to Djdong. 



By this Table it is seen that, weight for weight, hydrogen is the most difficult gas to he&t, 
anoe it requires twelve times more caloric than atmospheric air to raise it to an equal temperature. 
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After hydzoeen oomes steam, whose capacity is almost double that of air, and very nearly equi- 
valent to that of water. 

The two last columns of the Table indicate, according to Dnlong, the variations undergone by 
the caloriflc capacities of the corresponding gases, whether they be considered under constant 
volumes or constant pressures while submitted to the influence of heat. We see that, the pressure 
being constant, the capacity varies from 1 to about 1 *4, if the gas is compreeeed by the effort of 
expansion that takes place during heating. 

However, this question is far too complicated for us to give it full extension^ here ; we have 
thought proper, therefore, merely to mention it by the way, referring those of our readers who are 
desirous of more deeply investigating It to speciid works upon the subject. 

Tabli n. — GALcmmo GAPAcmES of Various Substances. 
That of water being taken as unity. 



Names of SabsUnoes. 



Water 

Iron 

„ from 0° to 100° .. 
„ „ 0° ,,300° .. 

Cast iron 

Steel 

Copper 

„ from 0° to 100° 
„ 0° „ 800° 

n 

Brass 

Lead • 

Tin 

,f .* •• .. .. 
Zinc f 

oiass from 0° to 100° " 

" from 0° to 300° 

Charcoal 

Coal and coke (average) 
Woods, various .. 



Calorific Capacitiea. 



ObterratioDs. 



10000 

01100 

1098 

1218 

1298 
0-118 to 0127 

0949 

0940 

1013 

0- 09515 

0*09391 

0293 

0314 

0-0514 

0- 05623 

0927 

0- 09555 

1770 

1900 

0-19768 

0-2415 

0-20 
0-600 to 0-650 



Dulong and Petit. 



»> 



Begnault. 






»» 



Dulong and Petit. 



n 



n 



Reimault. 






>i 



Dulong and Petit. 
Rejrnault. 



Aegnai 

Dmong and Petit. 

Begnault. 

Dmong and Petit. 

Begnault. 

; > Dulong and Petit. 

Begnault. 






Mayer. 



This second Table, relating to the calorific capacities of the principal substances used in 
construction and manufactures, shows that, of them all, water possesses the greatest, and is, conse- 
quently, the most difficult and the most expensive to heat. The next is wood, and that which has 
tne smallest capacity is lead. 

Application of the Coefficients of Calorific Capacity. — The knowledge of the calorific capacities of 
bodies, and their representation by numerical values, lead to problems that are both highly inte- 
resting and extremely useful in their application. The principal ones may be summed up as 
follows : — 

Ist. Find the quantity of heat necessary to raise the temperature of a body a given number of 
degrees ; and reciprocally, how much heat must be withdrawn in order to lower its temperature 
in the same proportion. 

2nd. Find the temperature of a mixture, whether the bodies be equal or unequal in mass and 
calorific capcusity. 

3rd. Find the effects of expansion produced by given quantities of heat upon ptses or vapours. 

We will endeavour to illustrate by a few examples these different modes of treating the question ; 
reserving, however, for later, further particulars relating to expansion, which may be more particu- 
larly interesting when we come to speak of superheated steam and of motors worked by gases. 

Researches as to the Quantity of Meat corresponding to a given Variation of Temperature. — It has 
been seen, from the definition of capacity and the unity of heat, that the amount of caloric a body 
loses or gains, according as it becomes heated or chilled to a given number of degrees, is propor- 
tional both to its mass and to its calorific capacity ; since, if 1 kilogramme of water absorbs 1 unit 
in order to gain 1 degree in temperature, it would absorb 2 units for 2 degrees, and so on ; or else, 
2 kilogrammes would absorb 2 units for 1 degree : finally, 1 kilogramme of a substance whose 
specific heat is 0*5 would absorb half a unit to raise its temperature 1 degree, and so on. Conse- 
quently, the general formula for heating and cooling is this : 

a = < Wc, or a = (^ — Wc, [A] 

t' — t, or simply t, being the difference of temperature, or the number of degrees gained or lost. 

First example.— How many units of heat would be absorbed by 50 kilogrammes of water at 15 
degrees, that its temperature might be increased to 60 degrees ? 

n = (60 - 15) X 50 X 1 = 2250 units. * 

The result would evidently be the same in order to lower the temperature from 60 degrees to 
15 degrees. 
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Second example. — ^If SOOO units of heat were supplied to 500 kilogrammes of water, what would 
be the increase in its temperature ? 
By the preceding formula we have 

^ ft , ^ 8000 

« = ^:whence« = j55^^ = 6degrees. 

Third example. — How many units of caloric are giTen oat by 100 kilogrammes of iron when, in 
cooling, its temperature is lowered 200 degrees ? 

The preceding Table indicates that the calorific capacity of iron is 0*11, therefore 

n = 200° X 100k X Oil = 2200 units. 

Fourth example. — When 100 kilogrammes of a body give out 1000 units of heat in cooling, and 
its temperature is lowered 55 degrees, what is its calorific capacity ? 

From the same formula whence we derived the value of t, we also obtain. 

n 1000 

To Find the Temperature of a Mixture or Compound. — This problem is susceptible of various solu- 
tions, according as the capacities of the substances compounded are equal or different. We will 
give examples of both cases. It is possible, however, to establish a general formula, that will only 
be simplified if the masses or capcusities are equal. 

If two substances be compounded whose weights are W and W, the temperatures t and f, and 
the capacities c and c', there will redult a final temperature x, to find which we reason thus : 

After mixing, the two masses will have acquired an even temperature ; the one will be a 
certain number of degrees coldef, represented hy t^ x, whence the number of units it will have 
lost will be = (^ — or) W c ; while the other, on the contrary, will have acquired an accession of 
caloric (jr- O W' c'. 

But since that which was lost by one of the masses has been gained by the other, these two 
quantities are equal, and give the following equation : 

(<-«)Wc = (x-OW'c', [B] 

from which we obtain tW c + t' W c' 

* "= Wc + W'c' ♦ ^^ 

X being the required temperature of the compound. 

It is evident, however, that when the masses or the capacities are eoual, the symbols whereby 
they are represented must be eliminated from the foregoing expression. f*or instance, if the mnflsos 
of the bodies compounded were equal, we should have W = W : and the relation would assume the 

followmg form: y, ^ ^ ; whence we have / r ^ W~* ^^^^ ^ necessarily disappears, 

1 • " tc + f<f rriT 

leaving x = , [D] 

that is to say, the mass is not to be considered. 

If the capusities were equal, the same operation would be perf(»med with respect to c and cf 
which would disappear, the formula taking the shape 

'= w + w • ™ 

Finally, if the masses and the capacities both happened to be equal, the expression would then 
be reduced to the following : 

x = i±^. [F] 

It will be seen that the foregoing first general expression [B] suffices to find the temperature 
of a compound under every condition. We may even suppose the form reversed, and that it be 
proposed to find the requisite proportions of a compoimd in order to obtain a given temperature. 
We will give a few examples of each particular case. 

First example. Equal masses ana equal capacities. — Find the temperature x of a mixture of 
two equal masses of water, the one at a temperature t = 25 degrees, the other at a temperature 
<' = 40 degrees. 

Formula [F]: j? = *-±i^ = ^^° "^ ^^ = 32-5 degrees. 

Second example. Eaual capacities. — What will be the temperature of a mixture of 10 kilo- 
grammes of water at 12 degrees and 15 kilogrammes at 50 degrees? 
Formula [E] : 

_ <W-hf-W- __ (12° X 10) + (50° X 15) _ , 

*- W+W = 10T15 -84 8degrees. 

Third example. Equal masses. — 500 kUogrammes of water at 90 degrees are poured into a 
copper vessel of the same weight and a temperature of 15 degrees; find the temperature of both 
vessel and water, at the moment of equilibrium, supposing that there are no losses of caloric. 

Formula [D]. By the Table we find the capacity of copper to be 0-095. Consequently, we 
have 

<c + f c* _ (90° xl ) + (15» X 0095) _ .^^ 
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So that the temperature has only fallen 6® '5, to raise that of the 500 kilogrammes of copper 
from 15° to 83^*5: this is owing to the enormous di£ference between the capacity of water and' 
that of copper. 

Fourth example. All conditions differing. — A mass of iron weighing 150 kilogrammes, and 
at a temperature of 300 degrees, is plunged into 100 kilogrammes of water at 10 degrees; what 
will be the temperature of the water when equilibrium of temperature has been established ? 

The different data of the problem stand thus : 

ry •*-• ("Water c=l 

Capacities .. .. jj^^ ^, ^ ^.j! 

m X (Water t = 10° 

Temperatures .. \j^^ ^ = 300° 

w«,VK*a /Water W = 100'' 

Weights .. .. jiro^ W' = 150»^ 

Formula [C] : 



X 



_ tVfc + eWc* (10° X lOO'' X 1) + (30 0° X 1 50^ x Oil) _ ., ^_ , 

" "wTTwv" = (100^x1) + (150^^x0- 11) - ^^'"^ ^^^^• 



Fifth example. Mixture of gases. — The preceding rules apply eaually to the mixtures of 
bodies whose quantities are expressed by their volumes. Thus it has been already seen that the 
relative capacities of gases have been ascertained in this manner, by taking atmospheric air as the 
unity. 

We propose, therefore, to find the temperature a; of a mixture of two volumes of hydrogen and 
oxygen unaer tiie following conditions : 

Capaciti^,.. ..gy^^-.. .. .. .. .. .-,=0:9035 

Temperatures., gy^^-;: ;; ;; ;; ;; ::J,iJ^: 

Volumes /Hydrogen V = l-« 

volumes .. .. |oxygen V = 0»«-800 

Formula [0]: 

- V^ c-f V '^'c' _ (i«c X 10 ° X 0-903 5) -KO" *'- 800 x 45^ x 9765) _ ^.^ 
* " cV + /V " (0-9035 X 1) 4- (0-9765 x 0-800)" 

To Find the Proportions of a Mixture, — It is as frequently required in practice, to ascertain in what 
proportion a mixture ought to be compounded so as to have a certain temperature, as it is to per- 
form the inverse operation : and, although the only thing necessary for that purpose is a suitable 
adaptation of formula [B] or [G], involving no difficulty, we will, nevertheless, give a few more 
examples. 

First example. — Given a mass of lead weighing 75 kilogrammes, at 150 degrees, in what body 
of water at 12 degrees should it be plunged in order that the whole exceed not 20 degrees at the 
moment that the equilibrium of temperature is established between the liquid and the metal ? 

The unknown quantity, this time, is the weight W of the mass of water ; and, if we retain the 
same notation as in formula [B], x, tiie temperature of the mixture, will equal 20 degrees. Con- 
sequently, the fundamental formula [B] being (* — a:) W c = (x — f) W' c', we easily extract from 

(x — f) W c' 
it the value W = ^-r- — ^-r — , which becomes the general expression applicable to all problems 

(r — a?) c 

of the nature of the one above proposed, and of which we will now give the solution. It must be 

observed, however, that in this particular case, where t' is greater than x, and x is greater than t, 

it would be as well to transpose the complex quantities between brackets in order not to have 

negative values, which should, nevertheless, not affect the result : on the other hand, as x is no 

loneer the unknown quantity, we shall replace it by the sign T, to indicate the given temperature 

of the mixture. 

The foregoing expression, thus modified, then becomes 

(r-T)W-c- 

^ {T-t)c ' •■ -' 

and if we introduce into this formula the several data of the problems, together with the calorific 
capacity of lead = 0*0293 (second Table), we find that the body of water required is 

^ (150° - 20°) 75 X 0293 „, „^^ ^., 

^ = ^ (20°-12°)xl = 35-709 kilogrammes. 

The relative smallness of this weight of water is perfectly in accordance with the small calo- 
rific capacity of lead, which is about the three-hundredths of that of water. 

Second example. — What weight W of cold water, at / = 12 degrees, must be added to W', 
= 100 kilogrammes of the same liquid, at t' = 80 degrees, so as to obtain a mixture T, = 20 
degrees? 

As here the capacity is the same for both masses, the formula [G] becomes 

_ (t' - T) W' , ^ (80 - 20) X 100 „^^ ^, 

W = ^--7= — ~— ; whence W = = 750 kilogrammes. 

These examples will be sufficient to show the utility and the application of the coefficient of 
specific heat ; the^, moreover, lead up to the solution of those problems involving quantities of 
latent heat, touching which we are now going to speak. It must, however, be stated that the 
experiments that have enabled the determination of the calorific capacities of the different bodies 
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oonrespond only with a limited range of temperature, beyond which those capacities may be found 
to vary slightly. But, in practice, this uncertainty has no material importance, especially as 
bodies that are subjected to heat invariably lose, from accidental causes, quantities thereof consi- 
derably greater thsm could possibly arise from the incorrectness of the coefficients. 

Latent Heat, — At the moment any change takes place in a body, whether it be its transition 
from the solid to the liquid state, or from this last to that of gas, a very curious and remarkable 
calorific phenomenon is observed. It is found that its temperature remains the same so long as 
the change in its state is going on, and consequently, that the quantities of heat with which it is 
supplied in the meanwhile are not perceptible by the thermometer. 

This peculiarity is thus explained : while a body is changing its state, it absorbs a certain 
amount of heat which is exclusively employed in bringing about that change, but does not in any 
way tend to modify the temperature of the body. Hence the term latent given to that quantity of 
heat, which effectually is hidden, since it cannot be detected by the instrument generally used to 
reveal its presence. Latent heat was discovered, compared, and measured by Dr. Black. 

In like manner, if either of the above-mentioned changes takes place inversely in a body — ^that 
is to sa^, if from the state of gas it passes to that of liquid, or from the state of liquid to that of 
solid — it will be observed to give out a certain quantity of heat without its temperature being in 
the least affected thereby while the operation is going on. This is nothing more than its abandon- 
ment of that latent heat which was necessary to maintain it in its recent steite. 

Fusion Heat. — The first example to be cited in demonstration of the existence of latent heat, is 
the transformation of water into ice, or, reciprocally, its return from the solid to the liquid state. 
Long before the experiments, which we will term quantitatiw, were made, iUwas known that there 
existed solid water (ice) as well as liquid water at zero, although it was necessary to heat the ice 
to cause it to melt. That already sufficed to reveal the existence of a certain amount of caloric 
absorbed solely by this change of condition ; but its great importance had yet to be discovered. 
It was then shown, after very minute researches, that if 1 kilogramme of ice at zero be brought 
into contact vdth 1 kilogramme of water at 79°, there <will remain, after the fusion is completed, 
2 kilogrammes of water at the temperature of zero. Conse<juently, the whole of the manifest heat 
contained in the 1 kilogramme of liquid water is absorbed in reducing the 1 kilogramme of ice to 
a similar state ; and, while the temperature of the latter remains unaltered, that of the former 
falls from 79 degrees to zero. The result would be the same if, instead of 1 kilogramme at 79°, 
we took 79 kilogrammes at 1^. 

By referring to what has been said about calorific capacity, we perceive that the one kilo- 
gramme of water at 79° represented the same number of units of heat as were actually employed 
m melting the one kilogramme of ice ; whence we conclude (see the experiments of MM. de la 
Provostaye and Desains) that 

One kilogramme of ice^ at the temperature of xerOj will absorb 79 units of heat, called latent, or, more 
strictly, 79*25 units, in order to pass into the liquid state: that 

One kilogramme of water, at no matter what temperature, contains, above zero, as many units of ccdorio 
as it does degrees of temperature, plus 79*25. 

This phenomenon of latent fusion heat is common to all bodies which possess each their 
peculiar quantity of caloric absorbed for each unit of weight. 

As, in steam-engines, water intervenes solely under its second change of state, we will not 
dwell any longer upon the first — though we deemed it indispensable that it should be known, — 
but will close this part of the subject by a few examples. 

First example of the latent fusion heat of ice. — ^We propose to find the quantity of water 
necessary to melt a certain weight of ice at the assumed temperature of zero, which ie^U also be 
the temperature of the mixture after th^ fusion has taken place. Let the 

Weight of the ice be W = 25 kilogrammes. 

Weight of the water be W' = unkno¥m. 

Temperature of the water be t = 15 degrees. 

Fusion heat be / =79*25 units. 

Solution. — On the one hand, it takes as many times 79*25 units as there are kilogrammes of 

ice ; and on the other, that number of units is equal to the product of the weight of the water 

required by its temperature, that is to say, W / = W' /. Therefore we have 

OK V 79*25 
25 X 79*25 = W X 15°; whence W = ±L!Ll[f_fr = 132*08 kUoe. 

15 

Second example. — If W = 10 kilogrammes of ice at zero be thrown into W' = 100 kilogrammes 
of water at 18°, what will be the temperature x of the mixture after fusion ? 

Solution. — It will require 10 times / to melt the ice, which will have to be subtracted from 
the manifest quantities of heat contained in the water, or, 100 times 18 degrees ; and the required 
temperature x is the quotient of that difference divided by the sum of the weights W and W', 
Thus, 

__ (fW')-(/W) _ (18° xlOO ) -(10x 79*25) _ 
^- W'+W - lOOTIO -9 16degree8. 

We may here remark that it is easy to calculate the toted amount of heat n that would be given 
out by this liquid mass in passing into the solid state at the temperature of zero. We should 
then have 

n = (W -I- W) / + (W -h W) a: ; or, (W -h WO X (/ + *) ; 
whence n = (10 -h 100) x (79*26 + 18°) = 10697*5 units. 

And, vice versa, this same quantity of heat would bo capable of increasing by one degree the 
temperature of 10697*5 kilogrammes of water. 
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Latent Beat of Steam, — Dnrinff the seoond change of state to which bodies are liable, the effects 
aze precisely identical with the above. When a liquid is transformed into steam it absorbs a very 
large amount of heat which is entirely undistinguishable by the thermometer, the steam having 
exactly the same temperature as the liquid whence it emanates. The difference that existe 
betwe^ the effects of fusion and evaporation is this, that, weight for weight the quantities of 
latent heat absorbed are much more considerable in the latter case. But both possess this one 
peculiarity, that the absorption of latent heat takes place whatever may be the process of fusion 
or evaporation — whether slow or rapid. Thus, any vapour arising from simple ordinary evapo- 
ration in the open air possesses Just the same quantity of latent heat as thiat arising from the 
ebullition of a body of liauid« subject to the same ambient pressure. 

When steam is formed from a mass of liquid exposed to the a<;tion of a fire, it takes its latent 
heat from that li(|uid, which consequently ceases to increase in temperature. But, if this steam 
emanate from a liquid apart from any active source of heat, its latent heat is taken, not only from 
the liquid, but also from the vessel containing it and from the surrounding objects. There may 
thence result a very sensible cooling of those objects and of the said liquid, if the evaporation can 
be continued without recuperation of heat. Notwithstanding our desire to avoid purely physical 
disquisitions, we cannot refrain from citing an experiment that brings clearly to light this 
phenomenon of the absorption of latent heat by evaporation, no matter what the accompanying 
circumstances may be or the temperature at which it takes 
place. 

A cup of water, at the ordinary temperature, is made 
to stand over a saucer or pan containing concentrated 
sulphuric acid, and, the whole being placed under the 
receiver of an air-pump, as seen Fig. 844, we begin to 
exhaust the air. By degrees, as the vacuum is established 
and the pressure under the receiver diminishes, the water 
begins to boil, and evaporates the more rapidly as the 
action of the machine is accelerated. But the vapour 
thus formed, and which would soon arrest all further 
evaporation if allowed to remain under the receiver, is 
partly taken up by the machine while the remainder is 
absorbed by the sulphuric acid ; consequently, the vacuum 
is maintained under the receiver and the evaporation 
continues. But, in a few moments, the water that remains 
in the cup will be completely congealed, forming one solid 
lump of ice. 

This curious phenomenon is solely explained by the definition we have just expounded of 
latent heat. The steam, in forming, has borrowed so much caloric from the water as to lower the 
temperature of the latter to freezing point. It now remains for us to give the value of this latent 
heat of steam, whose outward effects are made visible by means of very simple experiments. 

Amongst other experimentalists of merit, the learned M. Begnault made very minute re- 
searches touchins: the latent heat of steam, the general result of which will be foimd embodied in 
the following Table ; — 

Table of the Quantities of Latent Heat fob Steam fobmed between (P and 230°. 




TempeiBtam. 


Latent Heats. 


TemperatUTPfi. 


Latent Heats. Temperatorea 


Latent Heats. ' 


{Temperatures. 


Latent Heats. 





607 


60 


565 


120 


522 


180 


479 


10 


600 


70 


558 


130 


515 


190 


472 


20 


593 


80 


551 


140 


508 


200 


464 


30 


586 


90 


544 


150 


501 


210 


457 


40 


579 


100 


537 


160 


494 


220 


449 


50 


572 


110 


529 


170 


486 


230 

1 


442 



The values that appear under the head of latent heats indicate the number of units of caloric 
absorbed by each kilogramme of steam, at the corresponding temperature, at the moment of its 
formation. Consequently, those same quantities of caloric would be given out by the steam on 
its return to the liquid state. 

For a long time it had been admitted that the amount of latent heat was always the same, no 
matter at wnat temperature steam was generate; but the result of M. Regnault's researches 
shows that notion to oe incorrect, and that the quantity of caloric that is absorbed by evaporation 
diminishes according to a certain progression which is in inverse ratio to the temperatures. 

To select the most ordinary examples, let it be observed that whereas water at 100 degrees 
takes up 537 units of latent heat, that at 150 degrees only absorbs 501 units. 

Applioation of the Latent Heat of Steam, — The general study of heat, in its reference to the 
formation of steam for mechanical purposes, is of twofold importance ; firstly, as regards the 
quantities of fuel to be expended ; secondly, as regards the condensation of that same steam after 
it has done its work. We will give examples of both cases. 

First example. — ^What will be the total number n of units of caloric required by a weight 
W = 25 kilogrammes of water, whose temperature ^ = 10 degrees, in order to convert it into 
steam undier the pressure of 1 atmosphere? 

Solution. — The temperature T, apparent by the thermometer, of steam generated under a 
pressure of 1 atmosphere, being 100 degrees, the number of units of caloric absorbed by each 
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kilogntmme of water will be T — ') plu^ the latent heat / that oorresponds to the temperature t^ 
aooordiiig to the preceding Table. We therefore have for the total number of units 

n = (T-< + /)W; 

a general expression which gives for the proposed example 

n = (100° - 10^ + 537) x 25 = 15675 units. 

Second example. Mixture of steam and water. — A certain quantity of steam being brought 
into contact with a given weight of cold water at a fixed temperature, and sufficient to complete 
its condensation, find the temperature of the mixture. 

Let us take the same quantity of steam as in the foregoing example, added to W = 200 kilo- 
grammes of water, at a temperature t = 15 degrees ; the steam being represented by W = 25 
kilogrammes ; T = 100 degrees ; we want the temperature x of the mixture. 

Solution.— The total mass, or the weight of the steam added to that of the water, will neces- 
sarily contain the sum of the quantities of heat possessed by each ; if, then, we divide that sum 
by the entire mass, we shall have the temperature x demanded. Consequently 

which is a general expression, from which we obtain, as answer to our problem, 

^ (100° + 537)xjg + (15°x200^)^3^.^^ 

25'' + 200'' ^ 

This result already shows that it is necessary, relatively, to use very considerable volumes of 
water to cause a body of steam to return to the liquid state, and in order that after the conden- 
sation the temperature of the water may not be too elevated. 

Third example. — Let us reverse the proposition, that is to say, find what quantity of water 
must be added to a given weight of steam that the resulting mixture may not exceed a certain 
temperature. 

Let W = 15 kilogrammes, the weight of the steam ; 
T = 150 degrees, its temperature ; 
/ = 501, its latent heat (according to preceding Table) ; 
W = the weight of water required ; 
t = 10 degrees, its temperature ; 
t' = 25 degrees, the temperature of the mixture. 

Solution. — By simply bearing in mind that i' takes the place of x, it is precisely the above 
formula [I], in which W becomes the unknown quantity. Thus, <' W + <' W = (T + /) W+ t W ; 
whence (T + Z-QW 

W - jf^;--^ . [J] 

This last expression is the one that we shall meet with every time that it is required to ascer- 
tain the condensation of a steam-engine ; we therefore invite our readers to give it due consideration. 
As regards our present problem, it gives 

W = ^^ 25*^ ^^10°'^ ~ ^^^ kilogrammes. 

That is to say, putting it in general terms, that in order that the condensation-water shall not 
exceed 25 degrees of temperature, it will take 576 kilogrammes of cold water at 10 degrees to 
destroy 25 kilogrammes of steam at 150 degrees. All things being equal, it is, moreover, evident 
that it will take so much more water to condense steam that the temperature of the water is 
higher and that of the mixture is required to be lower. It is beyond all doubt that, under certain 
circumstances, it is impossible to achieve the direct condensation of steam in engines and con- 
densing machines for want of a sufficiently large volume of cold water. We shall see by-and-by 
that, in marine engines, the condensation is often imperfect or entirely suspended, not for want of 
water, since, in those cases, it is drawn from the sea, but because of the warmth of the water, 
especially under the tropics. 

Here ends, for the present, what we had to say concerning latent heat ; its direct application 
to engines will render sufficiently intelligible all that it is necessary to know upon the subject. 

SouBOES OF Heat. QiAantities of Heat supplied by Fuel. — After the study of the quantities of 
heat reauired to raise the temperature of bodies and produce a change in their state, we come 
naturally to that of the sources of heat as regards the quantities that thev are able to furnish. This 
forms the entire question of the economy of caloric in its production and its use. 

Science teaches us that the combustion of a body is the chemical combination of that body with 
oxygen, a phenomenon which is accompanied by a great development of light and heat. If oonsi-' 
dored from this point of view, all bodies would be combustibles, since all possess, more or less, the 
property of combining with oxygen ; but all do not offer, at the moment of entering into com- 
bination, such properties as qualify them for fuel, that is to say, a total disengagement of heat 
greater than that required to produce combustion, that combustion going on even independently 
of the focus where it takes place ; and a cost price of the material itself sufficiently low. But, 
quitting generalities and basing our arguments upon a few examples, we will observe that wood, 
coal, hydrogen, and certain other substances bum almost spontaneously, or at least complete entirely 
their combustion from the moment that one single point of their mass has attained the necessary 
degree of temperature. Other bodies, such as metals, that combine freely with oxygen, cease 
burning as soon as they are withdrawn from the focus where the combination is effecied ; foou& 
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which we are obliged, in conseqiience, to feed with some other body more readily combustible. 
Combustible bodies, that is to say, such as are used in manufacture, are not very numerous,- and 
comprise : — 

1. Woods, and vegetable matter generally ; 

2. Coals, both vegetable and mineral ; 

3. Peat. 

These are the substances into whose composition there enters the greatest amount of carbon 
and hydrogen, the only two simple bodies which possess, independently, all the requisite properties 
for the phenomenon of combustion in its application to manufacture, and the Quality, therefore, of 
being excellent combustibles. Animal substances, such as flesh, grease, ana bone, are likewise 
highly combustible ; but, on account of the complexity of their composition, the absorption of heat 
indispensable to the separation of their various elements at the moment of combustion is very con- 
siderable, so that a given weight of animal matter does not furnish so large an amount of useful 
heat as combustibles of a simpler nature. Besides this, there are sufficient uses for animal sub- 
stances without employing them as fuel, though it has sometimes been done. 

Our examination of combustibles can only be very brief, our object being merely to make known 
what quantities of heat each is able to furnish for every unity of weight. 

The estimation of these quantities of heat is entirely based upon the calorific unity already 
defined. Thus let us suppose a kilogramme of any combustible body to be taken, and that 
it be found that the heat it has given out during its total combustion has raised the temperature 
of 2000 kilogrammes of water 1 degree ; if the experiment be made with sufficient precision to 
satisfy us that all the heat thus produced has been absorbed by the water, we then say that the 
burning of 1 kilogramme of that combustible has supplied 2000 units of heat, for we are aware that 
that is the standard whereby we should measure the quantity of heat necessary to cause a variation 
of 1 degree in the temperature of 2000 kilogrammes of water. The amount of heat given out, so 
measured, takes the name of calorific power of the combustible whence it emanates; and very 
accurate experiments have been made in order to ascertain thus the calorific power of every sub- 
stance. Those experiments have shown that not only does the said power differ with different 
bodies, but it also varies considerably in bodies whose composition is susceptible of change. Thus 
the combustibles used for industrial purposes, being substances of a complex nature, are all pos- 
sessed of that peculiarity— a variable calorific power. For instance, woods, being of a kind, are 
essentially different in their composition, setting aside their greater or less degree of desiccation. 
The several sorts of coal, though variations in their composition are not so great, still show a differ- 
ence. Even charcoal, one of the purest of all combustible substances, evinces likewise vsudeties, 
owing to its more or less perfect preparation. 

Such differences should be consiaered, however, as of a scientific nature, not industrially : that 
is to say, every combustible possesses a mean calorific power which is all-sufficient for the purpose 
we propose. The following Table is a summary of the principal substances and their mean power, 
to which we have added the calorific powers of hydrogen and of bicarbonate of hydrogen or 
common gas, though these two last are not yet considered as combustibles in an industrial sense. 

Table op the Calobifio Powers of Combustibles used fob Industrlu< Purposes. 



NameB of GombnstibleB. 



Pure hydrogen (the kilo.) 

„ (the cub. m^t.) 

Bicarburetted hydrogen (the kilo.) 
„ „ (the cub. m^t.) 

Pure carbon 

Charcoal (mean) 

Wood (very dry) 

„ (ordinary condition) (mean) 

CooX (mean) 

Coke (to 0' 15 of cinders) 

Common peat (mean) 

Purified colza oil 

Alcohol, at 42° Beaume' 



Calorific Power 

expressed in 

units of Heat 

given oat by the 

combustion of 

1 kilogramme of 

each Substance. 



Anthorities. 



34162 
3067 
11857 
15117 
8080 
7000 
3700 
2800 
7000 
6000 
3600 
9307 
6855 



Favre and Silbermann. 



»» 

Peciet. 
Rumfort. 

Dulong. 
Peciet. 

Rumfort. 
Dulong. 






The values indicated in this Table represent the maximum of heat for each corresponding com- 
bustible ; we shall, therefore, term them the theoretical calorific powers^ of which a certain amount only 
caQ be utilized in practice. See Fuel. It must not. however, be taken for granted that these 
values are entirely exempt from slight errors ; the diversity of the results obtained by equally skilful 
experimentalists proves the contrary; and, besides, it is not probable that, in so complicated a 
phenomenon as that of the combustion of a body, the figures obtained can be always the same and 
invariable. But these differences become more manifest when the combustibles are employed for 
industrial purposes, and seem to banish all hope of our being able to rely on such calorific 
powers as mathematically correct, since, in those cases, they are neither prepare*! nor selected with 
the same care as when used for experiment only. These values, notwithstanding, such as they 
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aie, ma}r be of undeniable service, and this we shall see later. Besides, their dej^ree of approxi- 
mation is generally more than sufficient for all practical purposes. Fresh experiments, hpwever, 
would perhaps be necessary and desirable, on account of certain new generators wherein the 
utilisation of fuel appears to be increased in an extraordinary manner, as we shall have occasion 
to show hereafter. 

The figure representing the calorific power of a combustible plays the same part in steam 
generators as does the measure of the expenditure of water in hydraulic motors ; in both cases it 
is evidently the point upon which the result is based ; therefore is it very important that there 
should exist no uncertainty tegarding it. 

Application of Calorific Power, — Sfore occupying ourselves with the sources of heat, we first 
examined the interchanges thereof that take place between different bodies, and then the amount 
of caloric rec^uisite to increase the temperature of bodies a g^ven quantity oi cause their change of 
state. Having proceeded thus far, we are now prepared to calculate the amount of combustible 
necessary to be expended for the accomplishment of these operations. 

We must, however, make one important remark, namely, that what we seek in the following 
examples is the useful quantities ojf heat, that is to say, those that are absolutely necessary, 
regardless of what is lost, and of the excellence of the focus or the disposition of the apparatus. 

Reeearchea respecting the Expenditure of Fuel required to produce a given Increase of Temperature, — 
First example. — VThat would be the useful quantity of charcoal necessary to increase the tempe- 
rature of 100 kilogrammes of water 10 degrees ? 

Solution. — Since the preceding notions indicate in what manner we are to ascertain the quantity 
n of units of heat to be supplied, we very easily find that the weight w of the charcoal, whose 

calorific power we will call «, is io =r — . Granting, according to the preceding Table, that 

« = 7000, the number corresponding to common charcoal, we then have 

10 X 100 



to = 



= 0''142. 



7000 

And that is, effectually, all the weight of coal that ought to be expended if the whole heat 
produced by the combustible could be absorbed by the water. But even supposing that the 
vessel that contains the liquid, and the focus, being previously heated, absorb none of the caloric, 
there would still remain other losses whicn would increase in a notable manner the above 
theoretical quantity. For instance, let us imagine the arrangements to be such that 0*6 of the 

0*142 
heat are utilized, we should then bum, in reality, = 0^*237 of charcoal. 

Second examplc^What weight of coal must be burnt in order to liquefy 50 kilogrammes of 
ice at zero, and raise it to a temperature of 100 degrees? 

Solution. — The number of units of heat n to be supplied being (< + /) W, we have 

(100 + 79) X 50 

7600 *##uiumM. 

Evaporating Power of a given Weight of Combustible. — ^What weight of steam at a temperature of 
100 d^rees would be produced by the useful expenditure of 1 kUogramme of coal, supposing the 
temperature of the water, before heating, to be 15 de^Tces ? 

This is the most importuit problem of the application of caloric to steam-eng^es ; it is the 
pivot, as we shall presently see, around which aU the improvements therein that have hitherto 
been conceived, and are still likely to be, revolve. 

Solution. — It has already been seen [H] that the number of units of heat necessary to a certain 
weight of water, in order to convert it into steam, is expressed by n = (T — < + ^ * ^^^ ^ 
that number of units must be equal to the number given out by the weight w of the proposed fuel, 
whose calorific power is «, we have toti = (T — / + 0^; hence the required weight of steam 

will be W = _ "''*. , = ^^ ^, J?^^o^ = 12''-21 ; which amounts to this, that 
1 — * -f- # 100 — lO T" 537 

1 kilogramme of coal can, thieobeticallt, evaporate about 12 kilogrammes of water, whose tempe- 
ratwre, before the application of heat^ voas 15 degrees. 

If we had supposed the steam to be of a higher temperature, the quantity of fuel would likewise 
have been slightiy increased, but only slightly, because the latent heat, which is more considerable, 
varies but little, and inversely. We will give no further example, as this last will suffice as the 
basis for all future discussions upon the subject. It is essential, however, that we should make 
one remark with re^rd to the above result as compared with those obtained in practice. 

Generally speakm^, a good generator will evaporate 7 kilogrammes of water ; very often it is 
less ; but sometimes it is more, and even, in certain cases, it has almost touched the theoretical 
figure of 12 kilogrammes, which it seems very difficult to attain, if ever. By the aid of special 
arrangements, however, and such artifices, for instance, as activating the combustion by means of 
an additional current of air, and so completing the conversion of the coal into carbonic acid and 
preventing any particle of matter escaping without being consumed and giving up its contribution 
of heat, it may be done. This is what is called consuming the smohe, which is notning else, for the 
most part, but unconsumed, and consequently non-utilized coal. It may be well to remind our 
readers that the number 7600, which indicates in the preceding Table the number of units of heat 
for every kilogramme of coal, is a mean, and may, consequently, be sometimes exceeded. To 
establish absolute limits, we will suppose that pure carbon is used, furnishing 8000 units of heat, 
and wo then find that 1 kilogramme of that superior fuel, compared with coal, yet only supplies 

12*21 X8000 ,^. e>M c^ 
^^^^—=12««*84 of steam. 

2 D 
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We have given no examples of the nse of the other combustibles, since in all cases the 
operation would be evidently identical ; it is simply necessary to alter the value of ti, that is, of 
the coefficient of calorific power. The only point that it might be interesting to examine is the cost 
of the unit of heat with each different combustible, and this has been done with much care by P^let 
in his excellent * Treatise on Heat.' But it is to be remarked that the use of such or such a com- 
bustible depends much less upon its venal value than upon the greater or less facility with which it 
can be procured in each localitv. Thus, some countries possessing coal and compcu^tivelv little 
wood, like England, France, and Belgium, usually adopt the first as fuel, it being also the one 
that gives out the most heat as it occupies the least space, and is capable of producing a more 
intense increase of temperature at the focus. On the other hand, there are services, such as the 
navy, which will always choose the richest combustible because of the economy of space. But it 
also sometimes happens that a manufacturing establishment possesses some fuel emanating from 
its own works, ana therefore at its disposal almost free of cost, on which account it uses it without 
having to inquire whether it is more or less rich than this or that other. Thus it is that we see saw- 
mills feeding their furnaces with sawdust and shavings, tan-yards using their tan, and the sugar- 
refiners of the colonies the peelings of the dried canes. So that the cost of the unit of heat could 
only have a real interest in sucm an event as all the combustibles being equally accessible, a 
circumstance which, we may safely say, never takes place. 

Meohanioal Properties of Steam. Conditions relating to the Flow and Expenditure of Steam, — 
All that has hitherto been seen regarding steam may be considered as constituting its physical 
properties, that is to say, those natural phenomena, occasioned by the intervention of heat, which 
convert a body into a gaseous fluid that may be considered as such, and possessing all the 
characteristics of permanent gases. Like unto the latter, and fluids in general, steam is susceptible 
. of motions and effects that no longer arise from the mutual actions of Uie pc^derable or imponder- 
able elements of which it is form^ but from the mechanical efforts to which it may be subjected or 
which it is capable itself of producing. 

If we adopt water as our standard of comparison, we observe that this liquid, independently of 
its physical properties, such as density, calorific capacity, and so forth, possesses also the mechanical 
properties due to the action of gravity, which enable it to be considered under the aspect of its 
modons, the velocity it can acquire, and the efforts it is able to transmit by yielding to the infiuence 
of gravitation and of its own substance. The same thing precisely happens with steam, and gases 
in general, which can move, acquire velocity, and, finally, exert mechanical efforts by virtue of 
their expansive force, which here takes the place of simple gravity in a liquid. 

We propose, therefore, to examine steam under these several phases, giving to our investi- 
gations the title of pneumodifnamics. 

Flow of Steam through a Narrow-edged Orifice. — When two vessels, containing gases of unequal 
pressures, are made to communicate, a fiow of gas immediately takes place from the vessel where 
the pressure is the greatest to that where it is the least ; precisely as it would occur if, instead of 
gases, the two vessels held liquids of different densities or uneven levels, or if one of them were 
entirely empty. 

Gases, like liquids, tend towards establishing their equilibrium, then, and in so doing, both 
follow the same law. 

It is shown that the flowing of a fluid through an oriflce bored in the side of the vase contain- 
ing it, and below the free surface, depends^ as regards velocity and product, upon two principal 
conditions— the section of the orifice and the vertical distance oetween its centre and the surface 

of the liquid; and that the velocity is expressed by the invariable formula o = v 2^A (see 
Hydraulics), where g equals 9*8088, and represents the velocity acquired in one second of time 
by a body falling in vacuum. 

It is also shown that the volume of water flowing, in a given time, is the product of that 
velocity by the section of the orifice, and by a certain coefficient of contraction. 

It IS exactly the same with gases, only that the height h of the liquid is replaced by the 
expansive force of the gas. Consequently, setting aside for the present the other conditions of 
the problem, let us see what the valpe of h would be in the case of a gas. For this purpose we 
will suppose that the fiow takes place through a narrow-edged oriflce which, 
by its contraction, diminishes the expenditure, but without altering the ^^ 

velocity. 

Velocity with which a Gas flows from a Narrow-edged Orifice. — Theory and 
experiment both prove that the velocity of an elastic fluid, flowing in a certain 
medium and through a narrow-edged orifice, is the same as that which, under similar 
conditions, would be possessed by a non-elastio fluid of equal density with the gas, 
but which, by its height of column above the centre of the orifice, would be capable of 
exerting a relatively equal pressure. 

To render this theorem fully intelligible, let us suppose two vases, A and B, 
Fig. 845, both standing in the same medium, the atmosphere for instance, the 
one being filled with a liquid and the other with a gas, under the following 
conditions: — Ist, the gas in the vase A to have a certain pressure; 2nd, the 
liquid in the vase 3 to be of the same density as the gas, unconfined, and having 
a height of column h sufficient to press the bottom of the vessel B with an 
intensity equal to the pressure exerted by the gas against the inner sides of 
the vessel A. 

These conditions being satisfied, if a small orifice a be opened at some point of the vase A, and 
another 6 at the lowerpart of the vase B, the gas and the liquid wUl both begin to flow, and with 
the same velocity. This law enables us to work out a flrst problem which will assist us in 
establishing the general formula applicable to our present requirements. 




r, at a temperature 

Prcmure of air (in cent, of meroary) P s 0-76 

Deiwity „ d = 0001299 

„ ormeroury d" == 13'598 

PrcoBora of medium where the flov takes plsoe .. .. p = D'O 

Telocity of flow in • Mouid of time o = a/Zgh. 

It will be seon, in sooordanoe with the g'eoediiig: theorem, that theie onlv remaiiu to aacertaio 
X to complete the solatioD of the problem. HoreoTer, we know that that heigbt must be equivalent 
to a column of liquid of the same denrity as air, and eierting the aame pretmre at ita baae. 



tbe prenure P — p ia exactly equal to F, and correapoDds with a oolmon of mercarj of 0°" 76 ; the 
height of the column of non-elaatic fluid that would balance it ia, thetefore, in the inTene ratio of 
thedcmiitieflofthe fluid and the metoary; that is to say, 

It would therefore take a colomn of fluid 7955 ' 7 mHrea in height, and of the nme density aa 
the air, to ba lance a column of O''"76of mereury. Consequently, the velocity due to such a height 
will be D = *''l9-62 x 7955'7 = 39S miitree, the answer sought, or the velocity with which atmo- 
ipherie air, at a temperature of degrees, would re-enter an exhausted veeseL 

In CMBB where there is no occasion to beep account of the chanRca in volome and density caused 
by tempeiBlnre, this problem offers no difficulty : and it is in this sense that we shall find the 
means of applying it to steam, of which the Tables at page 416 ^ve the pressure and density in 
relation with the temperatoie, which, wauequently, may be onutted from the foregoing calcn- 

The general formola tot finding the velocity of a gaa or steam is therefore the following : 



= -\/3ff(P-p)j: 



wherein o repreaents the reqnired Telodty in a second of time ; 

g „ the intensity of gravitation, equal to 9-8088; 

P „ the absolute pressure (J the gas or steam, in mfitres of mercury ; 

p „ the prenure of the medium where the flow takes place, expressed in themne 

if „ the density of mercury compared with that of water and equal to 13-598; 

d „ the density of the flawing gas, also compared with that of water, 

B; introducing the flxed quantities into the preceding general formula, we flrat of all get the 

following ezpreesion ; 

^ _ y^ 2 x 9 -S0 B6 X (P -p) X 13-59S . 

which may he limpMed by obtaining the product of these same qoantitie^ till it flnally beoomea 

If the pressure P — p were expreaeed in atmospheres and fractions of atmospheres, it would be 
necessary, in order to get the real initial height in m^res of mercury, to multiply it by the height 
of meroury that balanoee one atmosphere. 

Thus modified, the formula would be 

^ _ y^ TT^SOSB X 0-76(P - p) 13-59 8 . 



by nmpli^ing as before, we get 



_ ,^/ 202-7376 <P-pV 



The resultant preaaure P— p, eoustiloting the initial heigbt of 
the eflbctive velocity of the flow, may be derived from direct observa- 
tion, accordmg to the disposition of the instrument used in ascer- 
taining it. That instrument would be the Air Manomctrf, or difle- Ah~. 
rential indicator of pressure, which may be need to measure the A F |]r^ e 
elastic force of a gas or steam in relation to a certain ambient 
medium. 

Let US snppOM a vessel A, Fig. 846, to enclose some aeriform 
fluid, at a higher pressure than that of the medium in which it is 
placed. If we attach to it a tube B contaiuing mercury, bent in the 
shape of the letter IT, with its shorter branch oammunicsting with 
the interior of the veaiel, while its longer one is left open at the top, 
the internal preseare, acting upon the meroury, will cause it to rise - 
in the open branch. To Qnd the conditions of equilibrium of the mercury, when it is thus 
displaced, it will be sufficient to draw a horiiontaJ line B L thtongh the summit of the lower 
column, and then examine the natore of the prennre to which the meroury is ai^jected at every 
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point of that line. In the longer branch it is eqnal to the pressare of the ambient medium, 
plus the height h to which the mercury has been raised in the tube ; and as it must be the same 
m the shorter branch, and is due entirely to the pressure in the reservoir A, we conclude that that 
pressure is equal to the external pressure, plus the height A of the mercury. Consequently, that 
height is precisely equal to the difference of the two pressures, and is none other than r — p, 
which figures in the preceding calculation. 

For the future, therefore, every initial pressure of the velocity of a flow will be represented in 
our operations by a column A of mercury, observed in strict accordance with the foregoing method. 
It is that pressure which, estimated in metres, must be multiplied bv the ratio of the density of 
the mercury to that of the fluid under consideration, in order to obtain the real height which 
becomes the initial of the velocity with which the fluid flows. 

Problems relating to the Flow of Steam through Narrow'-edged Orifices. — Let us propose to flnd the 
velocity with which steam would flow in a medium of determinate pressure. 

First example. — Find the velocity with which steam would flow through a narrow-edged 
orifloe into the open air under a pressure of 3 atmospheres. 

Solution. — Steam, under a pressure of 3 atmospheres, is represented by a column of mercury 
of P = 0*76 X 3 = 2""28; and the Table at page 405 indicates that its density [b d = 0001615. 
On the other hand, if the pressure of the ambient medium is 0*76, the required velocity will be 

0001615 

Second example. — Find the velocity with which steam flows at a pressure of 5 atmospheres, 
difference of pressure between the reservoir and the medium in which the flow takes place being 
measured by a column of mercury = 0"*45. 

Solution.— We have P - j9 = 0*45; and cT = 0* 0025763, according to the same Table; 
whence 

. = \/M:i«Z53^ = 216miitres. 
0-0025763 

Third example.— Find the velocity of steam under a pressure of 3*75 atmospheres, the pres- 
sure of the medium in which it flows being 1 *80 atmosphere. 

Solution. — By the same Table to which we have referred in the two preceding examples, we 
find that the density of steam at 3*5 and 4 atmospheres is 0* 0018589 and 0* 0020997 respectively ; 
therefore, the density of steam at 3*75 must apparently be a mean between these two numbers ; 
that is, 

^^00018589 + 00020997^^.^^^33 

The pressure expressed in atmospheres, will this time be 

P-/)=3*75- 1*80 = 1*95. 

Consequently, by a suitable ad|iptation of the foregoing formula, we have 

.= \/ 202:1376 xr95 ^ 447^^^^. 
0*0019793 iuci^«». 

The above examples being sufficient to illustrate the application of the rule, we will not add 
any more ; but merely make a few remarks called forth by the rule itself. 

The arrangement of the formula shows the general mode in which gases flow, and further 
points out that, 

1st. The velocities are proportional to the square roots of the effective pressures ; that is to say, to 
the excess of pressure that causes the flow ; 

2nd. They are inversely as the square roots of the densities. 

From which We conclude, in addition, that when a gas is compressed whose density is propor- 
tional to the pressure it bears, with an even temperature, the velocities are jalways equal, whatever 
may be the degree of compression. 

With regard to steam having a maximum of elasticity whose density is not proportional to the 
expansion, there exists, however, a limit where the velocity of the flow ceases to increase with the 
pressure. 

For instance, let us suppose two currents of steam flowing into the atmosphere, the one with an 
expansive force of 5 atmospheres, the other of 10, and whose densities, according to the Table, 
page 405, are 0*0025763, and 0*0048226 respectively, and endeavour to flnd their corresponding 
vekwities. We have, 

For 5 atmosphere., ^ = V ^^^^^ = m mHK»: 

For 10 atmoephereB, v = V ^^^^!^^^^l£> = 615 metrca. 

That is, a difference of only 58 metres in velocity for a difference of expansion of 5 atmospheres. 

Tables and Graphic Tracing in Reference to the Flow of Steam. — The solution of such problems as 
those we have just been examining always requires a special aptitude, and too much time for 
ordinary practitioners, as a rule, to turn them to their fullest account; moreover, there are > inte- 
rests of another order involved, and not less important, that render it imperative not to trust to the 
uncertain results of direct calculation : a manufacturer, on the contrary, needs reliable informa- 
tion, such as can alone emanate from the labours of the man of science, in the quiet seclusion of 
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his own study, and away from every other preoccupation. That is why tables are of such unde- 
niable utility, by enabling the solution of a proposed question promptly and with certitude; for the 
figures we borrow from them form part of a series in regular progression, whose terms verify one 
another, so to speak, bv their simple connection. Thererore we have always endeavoured, as much 
as possible, to make them accompany the practical rules, in order to simplify calculations and 
ensure correct results. 

It is with this view that we produce the two following Tables of the velocity of steam under 
the circumstances most generally met with in practice. These two Tables, which may be readily 
made by means of the foregoing rules, are taken from that excellent work, 'The Locomotive 
Driver's Guide,' by MM. Flachat and Petiet. The first relates to the flowing of steam in the 
open air, under pressures varying from 5 to 1 * 01 atmospheres ; together with its density, or weight 
of a cubic metre for each pressure. The second Table gives the velocity of steam under pressures 
of 5, 4, and 3 atmospheres, in media whose pressures vary from 4*95 to 1 *25 atmospheres, while 
one column is reserved for the effective pressure exerted by the steam upon every square m^tre of 
surface. This pressure is evidently the same in the three cases where the resisting pressure is 
the same, since the differences also are identical. Consequently, these two Tables complete the 
series. Afterwards we shall give a graphic tracing, whereby the same problems may likewise be 
solved. In all cases the flow is supposed to take place from a narrow-edged orifice ; for, were its 
thickness considerable, and comparable to the development of a tube, the velocity would be 
altered. We shall have occasion to allude to this view of the subject presently. 

Table I. — The Yblocitt with which Steam escapes into the Atmospheee under 

DIFFERENT PRESSURES. 



AlMoluta 

Pressure 

oftb« 

Steam. 



Weight of a 
Cable Mbtre. 



6 

4 

4 
4 
4 



00 
75 
50 
25 
00 
3-75 
3-50 
3-25 
300 
2-75 
2-50 
2-25 
2-00 



2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 



568 
457 
334 
217 
096 
972 
855 
734 
611 
487 
363 
238 
111 



Velocity 

Ina 
Second. 


AlMolnte 

Pressare 

of the 

Steam. 


562 


1-75 


554 


1-60 


549 


1-50 


546 


1-45 


537 


1-40 


530 


1-35 


520 


1-30 


512 


1-25 


502 


1-22 


488 


1-20 


472 


118 


451 


116 


427 


114 



Weight of a 
Cable Mitre. 



Velocity 

In a 
Second. 



Absolate 

Pressare 

of the 

Steam. 



0-984 
0-900 
0-854 
0*830 
0-800 
0-778 
0-750 
0-722 
0-705 
0-698 
0-681 
0-670 
0-658 



394 
368 
343 
331 
318 
302 
285 
265 
252 
242 
232 
220 
213 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



12 
10 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 



Weight of a 
Cable Mbtre. 



Velocity 

ina 
Second. 



0-674 
0-636 
0-680 
0-626 
0-622 
0-619 
0-610 
0-607 
0-601 
0-598 
0-595 
0-590 



194 
178 
170 
161 
151 
140 
129 
116 
101 
83 
58 



Table IL — The Yelooitt vtith which Steam sboapes into Media of different Pressures. 







AT 6 














uatm 


SnAX AT 3 ATxoen 






ATMOtrxSHBi 


brmAM AT « ATVuan 


UMB 


■ 


Absulutb. 






Amoixm. 






Absoluts. 




Premire 

In the 
Receiver. 


EffectlTe 
Pressare in 


Velocity 
in Mitret 


Preesore 

in the 
Receiver. 


Effective 
Presrarein 


Velocity 
in Mitres 


Preasore 

in the 

Receiver. 


Effective 
Pressare in 


Velocity 
in Mitres 


kilos, on every 
SqoareM^tre. 


in one 
Second. 


kilos, on every 
Square Mbtre. 


in one 
Second. 


kilos, on every 
Square Metre. 


in one 
Second. 


4-95 


517 


63 


3-95 


517 


69 


2-95 


517 


79 




90 


1 


034 


89 


3 


90 


1 


034 


97 


2-90 


1-034 


112 




•85 


1 


550 


108 


3 


•85 


1 


550 


120 


2-85 


1-550 


137 




■80 


2 


067 


125 


3 


80 


2 


067 


139 


2-80 


2-067 


158 




75 


2 


584 


140 


3 


75 


2 


584 


155 


2-75 


2-584 


178 




65 


3 


618 


166 


3 


65 


3 


618 


184 


2-65 


3-618 


210 




55 


4 


651 


188 


3 


55 


4 


651 


209 


2-55 


4-651 


238 




50 


5 


168 


198 


3 


50 


5 


168 


220 


2-50 


5-168 


251 




25 


7 


752 


242 


3 


25 


7 


752 


269 


2-25 


7-752 


307 




■00 


10 


336 


281 


3 


00 


10 


336 


311 


2-00 


10-336 


355 


3 


75 


12 


920 


314 


2 


75 


12 


920 


347 


1-75 


12-920 


396 


3 


50 


15 


504 


344 


2 


50 


15 


504 


380 


1-50 


15-504 


423 


3 


25 


18 


•088 


871 


2 


25 


18 


088 


411 


1-25 


18-088 


469 


3 


■00 


20 


672 


396 


2 


00 


20 


672 


439 


• • 


• . 


• • 


2 


•75 


23 


256 


421 


1 


75 


23 


256 


466 


• • 


• • 


• • 


2 


50 


25 


840 


444 


1 


50 


25 


840 


491 


• • 


. . 


• • 


2-25 


28-424 


465 


1-25 


28-424 


515 


• • 


• • 


• • 



Graphic Tracing. — The method of tracing which we are now going to explain, and whereby the 
velocities of gases through narrow-edged orifices may be ascertained, is due to Robert Bishop 
Hennessey, and is analogous to that given in their * Treatise on Hvdraulic Motors,' for the purpose 
of estimating tibe expenmture of water through orifices irith a load upon the centre. 



This one. Fig. 847. is ao bttad^ aa to giTe the mmiinmni velocity at gaaei luving deniitiea, 
oompared with that of vater, which vary fram O'DOOS to 0005. and relative prenniieii bato to 
fi atmospheres. A Bories of right Unea, alartitig tr<mi tiie point D, eoireapoiid*, for the oiirre AB, 
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to presanrea varying (Wm 1 to 5 atmospheres, and, for tho curve A F, from 0' 1 to 1 atmosphere. 

Another Beriee of vertical lines, inctuding A B,repreaent8 the deositica from 00003 to 0-005. The 
upper scale B C eipreases the velocities in huge divisioiis of 100 mHres. 

Uk of tht Traciag. — Find the interBBction of the vertical, indicnting the density, with tho 
oblique, corresponding to the relative pressure F — p, and, from the point of intersection, follow 
the horizontal line till it meets the cojvo : from this second point draw a vertical line which project 
till it reaches the scale BC, and yon have the velocity required. For inatsnce, we want the 
velodly of a gas whose density is 0-0009, and whose relative preasnie is 4 atmoapheree. Wc look 
for the intersection a of the vertical line ■ 0009 with the oblique line 4 D, and from that inter- 
section we follow the horizontal line till it meets the curve AE at b; then, by raising a vertical 
line from this last point to the wale B C, we then obtain an approximate rending of 940 m^trea, 
which is the velocity sought. By strict calcolatian it would be 943 metres. 

To give an example of the use of the second curve, let us try to find the velocity of a gas whose 
density is 0002, with a relative pressure of 0-7 atmosphere. The prooeas is exactly the same. 
The intersection c, of the oblique 07 D, with the vertical oorreeponding to the number 0-002, 

g'ves the horiiontal dotted line ed, which cuts the curve A F at rf; by producing a vertical from 
is point on to the Male above, as before, we find about 268 mitres u the required velocity. 
Hathematieally it vould be 266 mctt«B. 

Theee slight differences between the quantities found by calculatimi and those obtained by 
means of the diagram do not arise from any want ot accural of principle in the latter, but solely 
from diffleultiee of execution, it being impossible to complete the subdivision of the scales; but by 
enlarging the tracing, this obetaole may be lessened or removed, and the result becones propor- 
tionately more correct. 

It would be preoiselv the Baine thing fbr anv value not indicated in this diagram ; all that ia 
required is tosuppoee the line AB, as base, divided into quantities " ' ' " " '" 



proportional to everv ii 
ling from the several pc 



a the point D. As regards the series of verticals of density, the same principle may be carried 
out, by imagining intervening lines at distances inverse to their values, for such densities as are 
not comprised in the diagram. 

Vtlocity of Gas ftoicing thnragh a Pipe. — Hitherto we have only oonsidered the velocity of gas 
flowing tluBugh a narrow-edged oriBoe, where the friction is, consequently, insufficient to produce 
any noticeable effect ; but when a gas passes through a pipe of a certain length, the cose is very 
difiercat. Then its velocity, as it leaves the pipe, is less than that which would be due to the 
initial pressure in the reservoir, or to its excess of pressure P ~ p over that of tho medimn into 
which it flows. There raost have been, therefore, a loss of force occasioned by the resistance of 
the pipe to the motion of the gas. The learned D'Aubuisson fbund that resistance subject to the 
following laws ; — 

IsL The resistance is proportional to the length of pipe ; 

2nd. It increases with the siinare of the velocity ; 

3rd. It is in the inverse ratio of the diameter. 
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Let UB, oonaequently, call 

P, the preflsure within the reservoir, or its excess h over that of the medium where the 

flow takes place, expressed in metres of mercury ; 
Pf the initial height of the effective velocity with which the gas escapes at the end of the 

pipe ; that height likewise expressed in metres of mercury ; 
Vy the effective velocity ; 
L, the length of the pipe in metres ; 
D, its diameter, also in metres ; 
D', its diameter at the extremity, or that of the aperture whence the flow takes place, the 

pipe being supposed to terminate with a conical converging ajutage ; 
k, an experimental coefficient. 

We then have, according to D'Aubuisson, the following relations : 

The mean velocity u of the flow throughout the whole length of the pipe will be evidently 
equal to its effective velocity v on leaving the ajutage, multiplied by the inverse ratio of the 

squares of the diameters D and D', that is to say, « = o x -=7 ; and u* = v* x •=r7- • 

But the velocity v ia represented by v = v 2gpy whence v* = 2gp, and p = ^— , p being, as 

we have said, the initial height h of the velocity with which the gas escapes from the pipe. On 

the other hand, considering that the force absorbed by the resistance of the pipe has resulted in 

the reduction of the pressure from P to little p, that force will be expressed by P — /> ; so that, 

Lti* 
from what precedes, we get the following equatbn : P - p = A -=- . But the foregoing relations 

c* V* D'* 

give p = -^— , and u* =. ; substituting, therefore, these values for p and u', we obtain 

P - k — =r5 — , whence, extracting at once the value of 9, we get 



'V 



m 



2^PD» 
A2yLD'* + D» ' 

This value, therefore, is that of the real velocity with which the gas escapes (setting aside its 
density for the moment), i^Tter traversing the whole length of the pipe, and issuing from a con- 
tracted orifice of the diameter D'. 

If the contracted orifice of the ajutage were equal in diameter to the pipe, we should have 
D' = D, and the formula would be modified as follows : 



■V 



Z^MRl. [L] 

A2yL+D '■ ■' 



As to the value of the coefficient ^ it is deduced from lyAubuisson's experiments, who ascer- 
tained that of an experimental number n, whose mean was 0*0238, in which 2 g enters as factor. 

0*0238 
Consequently, by performing the division we have = 0*0012, which number becomes the 

value of the coefficient k. It is evident that this result is very liable to change according to the 
nature or state of the surface over which the gas has to pass. D'Aubuisson obtained it by m^ng 
atmospheric air pass through tin tubes, which must have offered but little resistance compared with 
cast-iron pipes, whose surfaces are usually rough. It becomes then a matter of option either to 
adopt this value in the above equations, or else to substitute in the denominator the constant 
number 0*0238 for the factor A 2^, whereby the final values will be in no way changed. 

To end this subject and give a few examples, we will now complete the formulas by applying 
the multiplier relative to the densities. The velocities represented by those formulas, such as we 
have defined them, are those that would correspond to heights of manometrical pressure; that is to 
say, expressed by columns of mercury. In oraer to obtain the velocities of gases having ihe cor- 
responding pressures, it is sufficient to multiply, as before, the two terms beneath the radical by 
the ratio of the densities of the mercury and the gas under consideration. By again representing 
the density of the mercury by d* and that of the gas by (/, we have 

= \/ZUiI^in'=: V 266-76PD» p^ 

*2^LD'* + D* d (0 • 0238 LD'* + !>*)(/ ^ ^ 

for the first formula [Kl where the diameter of the orifice from which the gas fiows is supposed to 
be different from that of the pipe. And for the second formula [L], where the diameters are equal, 



= V 



266*76 PD • p^ 



(00238L + D) d 

It may be useful, however, to observe that, in the latter case, the coefficient ought perhaps to 
be modified, since it was obtoined by means of pipes with a contracted end. But the error com- 
mitted by leaving it as it is would be of very little importance, considering that in practice the 
departure from theoretical results is generally far greater. 

Problems relating to the Postage of a Gas through a Pipe, — Let us endeavour successively to find 
with what velocity both air and steam would fiow, under the two separate conditions : — Ist, where 
the pipe is terminated b^ a conical ajutage, diminishing the diameter where the gases escape; 
2nd, wnere the diameter is the same throughout. 
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First example. — Find the Telocity with which air flows through a pipe having an ajutage, with 
the following data : — 

Pressure or height A at the commencement of the pipe . . P = 0' 10 metres. 

Length of pipe L = 60 „ 

Diameter of pipe D = 0*20 „ 

Diameter of orifice where it escapes D'=0'05 „ 

Supposed density of the air (according to its temperature) d = 0' 0013 „ 

Solution. Formula [M]. — Admitting that the state of the pipe admits of the application of the 
coefficient given by D'Auouisson, we find 



__ a/ 266-76 X 010 x 0*20 



5 

c = 'V ^w ,w ^,^ t "^ ^ 1"^ =140-9 metres. 

(00238 X 60 X (r05*+ 0-20 ) x 0-0013 

If the velocity were not affected by friction with the pipe, it would be the same as that due 
directly to the pressure * 10, according to the foregoing rules, and equal to 144 metres. There is, 
then, a loss of rather more than 3 metres, which is very little. But that is because we have sup- 
posed the orifice where the gas escapes to be much smaller in diameter than the pipe, whereby the 
velocity is lessened in proportion. For, the diameters being respectively 20 and 5 centimetres, the 
mean velocity u within the pipe will only be ^^^th (square of the ratio of the diameters) what it is 
on leaving it, barring a correction on account of the contraction of the orifice, and whose coefficient 
is equal to about 0'93 ; let 

tD'0-93 140-9 X 0-0025 X 0-8649 „ ^^ ^ 
u = -^,- = ^,^ = 7-61 metres. 

So that the loss due to friction is extremely small. 

Second example. — Find the velocity of the flow under the same conditions as above, with the 
exception that the pipe is supposed to be completely open at the end ; so that we have D' = D. 

Solution. — By adapting the formula [N] to suit the case, we have 

. = V'7:266^>L0:l?_>^20 ^ 5^.^ ^^ 
(0-0238 X 60 + 0-20) X 00013 

It will be perceived, in this instance, that the velocity is notably altered ; but it must also be 
observed that that has been its mean vdodty throughout its entire course. 

Third example. — Find with what velocity steam would be discharged through a pipe into the 
ambient air, with a pressure of 4 atmospheres, under the following conditions : 

Effective pressure of the steam (3 atmospheres), or . . P = 2 * 28 metres. 

Density cT = 0021 „ 

Length of pipe L = 25 „ 

Uniform diameter of pipe .. D=0'12 „ 

Solution. Formula [N]. — The mean velocity within the pipe, as well as that with which the 
steam escapes, are apparently equal to 

^ = \/ZIMiZ6 x_2:2?j^0a2_7 ^ 220-6 metres. 
(0-0238 X 25 + 012) x 00021 "«"«• 

Had the velocity not been altered, we should have had 

« = a/I^^P^ = 538 mfetre.. 
0*0021 

The change in the velocity is, therefore, very considerable; but, as the velocity is also great, 
the result is simply in conformitv with the theory according to which the force absorbed by friction 
increases as the square of the velocity. 

Fourth example. — ^Let us take the same data as before, but with a diameter of pipe of 20 centi- 
metres instead of 12, so as to see what effect it will have. 

Solution. — ^Using the same formula, we have 

V = V^~2gj76X2^2 8ir0"20~ ^ ^^ ^^^ 

(0-0238 X 25 + 0-20) X 0-0021 ^ 

in lieu of 220"'* 6 with a pipe 0">-12 in diameter, and about half the maximum velocity 538 due to 
the relative pressure of tne steam if no friction existed. 

Volumes of Steam that are discharged through simple Orifices and Pipes, — It is dear that the only 
difficulty in ihe way of solving the question of the expenditure of gases and steam, was the ascer- 
taining its velocity. As to the volumes discharged, they are, as in the case of incompressible 
fluids, the product of that velocity by the section of the orifice, and by a coefficient of contraction 
determined by experiment. 0)n8equently, the latter part of the problem may be considered 
simply as a remark, having reference principally to the coefficient of contraction that ought to be 
adopted. 

Coefficients of Contraction, — D'Aubuisson found that, as in the case of incompressible fluids, the 
coefficients of contraction m applicable to the expenditure of gases had the following values : 

For a narrow-edged orifice 0-65 

For a short cylindrical ajutage 0-93 

For a short ajutage, but slightly tapering . . 0-95 
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* 
To obtain the real expenditure it sufBces, therefore, to multiply the theoretical product by one 
of the above values, according to the nature of the case. 

First example. — A certain gas flows through a narrow-edged orifice 5 centimetres in diameter, 
with a velocity equal to 150 metres a second ; find the total volume Q discharged in a minute. 

t 

0*05 x§SLx 150 X 60 X 0*05 
Solution.— We find Q = ^ ^ = 11-486 cubic metres. 

Second example. — The orifice of the supply-pipe being rectangular and measuring 20 centi- 
metres by 3, and open in full during a reduced time of 0*5 of a second, what volume of steam 
would enter the cylinder of an engine, supposing the pressure and density to correspond to a 
velocity equal to 300 metres ? 

Solution.--We have 0*03 x 0*20 = O-^'OOO for the surface of the orifice. If we take 0*9 as 
the coefficient, then Q = 0*006 x 300* x 0*5 x 0*9 = 0*810 cubic metres. 

As regards the expenditure through a i^pe, we may observe that, in the case of a narrow 
ajuta^ the coefficient 0*93 may be used; but it is to be dispensed with when the pipe is 
cylinorical. The operation is reduced, therefore, to precisely the same terms as before. 

Note relating to the finding the Diameter of a Pipe where the Flow ie to take place under certain Fixed 
Conditions. — Generally speaking it is not a difficult problem to ascertain what ought to be the 
dimensions of an orifice in order to satisfy certain definite conditions ; but it is not the same as 
regards the dimensions of a pipe, whose diameter, we have seen, enters as two different powers in 
the expression of the velocitv and the expenditure. It is possible, however, to arrive at a practical 
result of sufficient accuracy oy the aid of a simple method of which we will endeavour to lay down 
the elements. Of course we suppose the pipe to be uniform in diameter and without contraction. 
If we bring together the expression of the velocity and that which corresponds to the section of 
the pipe — which we have supposed all along to be circular — and multiply the one by the other, 
the result will evidently be eaual to the volume Q discharged under the said conditions, since 
it will be the product of the velocity by the section. Thus we have formula [N] 

^ 26 6*76 PD 31416D* 

(00238 L + D)d^ 4 ~^* 

Squaring the two members, and representing by a the product of the invariable quantities, 

with the exception of the coefficient 0238, it becomes Q* = /o.()238L-^DW * 

As we want, now, to find the diameter D, we must draw its value from this formula. But as 
that ojperation would be very difficult to perform in a direct manner, on account of the two powers 
D and D*, we extract the vidue of D* as if D were known, and we find 



j^ ^ »/ (0*0238L + D)Q*rf 
V aP 



(' 



And as a is a fbied number, and equal, as may be seen, to 

^ :^ j X 266-76 = 164-5576, 

we extract its fifth root, which is equal to 2*8, whereby we divide the unity, which gives 0*3571 ; 
call it 0*36, and taking that number as multiplier from the radical, we arrive at this last 

expression: 

D = 0-36 >v/ (00238yD)Q'<i _ [O] 

Now, in order to work by means of this formula and finally^isenga^e D, this is what may be 
done : We operate, in the first place, by considering D under the radical equal to ; we shall 
thus obtain a first value of D, though rather a weak one. We then recommence the process, this 
time assigning to D under the radical the approximate value found by the first operation. The 
second value of D thus obtained, will always be near enough for all practical purposes; if^ 
however, these two successive values were to present a very wide difference, the accuracy of the 
second value might be tested by performing a third operation wherein that value would in turn 
be substituted for D under the radical, and might be considered correct if the result of the said 
operation turned out to be apparently equal to it. 

Example. — Be it required to find the diameter D of a pipe under the following conditions : 

Length of pipe L = 100 metres 

Expenditure of gas in a second of time .. Q = 0*5 cubic metres 

Betative pressure of the gas P = 0*7 metres (mercury) 

Density of the gas d = 0*002 

Solution. Formula [O]. — By considering D under the radical equal to 0, we have 
p - ^.^ ^/ (F0238 X lOO-' + 0) x -CF25iro^b62 _ ^_^^^^ 

a first value of D, which we substitute in its place under the radical, in order to perform the 
second operation, when we find 

p - Q.gg ^ (0D238 X 100« + *1 01) X 0*25 x 0*002 _ ^,.^^^^ 

and as this last result is the same as the first, we may be sure that we have the true value of the 
required diameter, and no further operation is necessary. As it may appear strange that the same 
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answer ehould be obtained from two formulas, one of which contains a quantitv more than the 
other, we must observe that the results are, in reality, different, but that that difference manifests 
itself only in a series of decimals that are not appreciable in practice. In general, the very 
disposition of the formula leads us to understand that it is sufficient if the length of the pipe is 
equal to several times its diameter — which is almost always the case and may be ascertained 
beforehand — for the result found by the first operation to give the true practical dimension 
required. A single operation would, therefore, be sufficient ; but it is as well to verify it, either by 
repeating it and giving D its value beneath the radioEd, or by finding the expenditure of the pipe 
according to the conditions laid' down. 

Thus, in order to test the preceding operation, if we seek the velocity of the flow according to 
the length of pipe, 100 metres, its diameter O'lOl, and the pressure 0'7, we find it to be 62*60 
metres, which, multiplied by 0*008012, area of the circle 9*101, gives 0*501 cubic metres as the 
expenditure of the pipe. It is needless to add that this result may be considered to be in strict 
oonformity with the primitive data of the problem. 

We shall limit ourselves to this much, considering that we have said all that is useful touching 
the expenditure of steam and gases ; observing,*however, that the preceding rules apply where the 

Sipes are straight or curved, out not where they have contractions or sharp angles, such as to 
estroy a portion of the vis viva of the fluid in motion. At the conclusion of this article we shall, 
as usual, g^ve a list of such authors as may be consulted by those of our readers who are desirous 
of obtaining more complete notions upon the subject. 

Phtsioal Pbopcbties op Stkam. — The functions of steam motors repose upon the mechanical 
properties of the aeriform fluid produced by water in its physical change called the state of steam, 
Betore stud^g, therefore, the construction of such machhies, it is inoispensably necessary that 
we should give an exact account of the circumstances whereby the phenomenon of the conversion 
of water into steam is attended, showing the conditions under which it is accomplished ; the phy- 
sical effects that immediately result therefrom ; the means of ascertaining their intensity ; and, 
finally, the part taken by the chief imponderable agent, heat or caloricy and the combustible sub- 
stances by which this latter is developed. Thus, it is with steam-engines as with hydraulic 
motors, the motive power is borrowed from natural agents, namely, Galorio and Qravitt. 

By the means of caloric, an inert liquid^jpossessing gravity onlv, is transformed into an expan- 
sive gas deriving its power from itself. When that said liquid has been previouslv elevatea by 
natural forces, gravity seems to use it as a sort of receiver to whom it has entrustea its power in 
order that it may be restored at a moment when that same Uauid may be utilized as a fall. 

The comparison of these two imponderable agents, brought into play for the purpose of ob- 
taining motive force, is suggestive of a ver^ interesting remark, which is, that, in both cases, one 
of the two agents, caloric, has been the prmial cause of the mechanical effect obtained, since the 
water, elevated so as to produce a useful fall, was raised solely by the action of heat, which caused 
it to evaporate so that it might afterwards fall in the shape of rain, forming streams and rivers. 
It is quite certain that without that cause water would only be known to the world as an uniform 
level, precisely on account of that gravity which forbids its being raised otherwise than by the 
development of some mechanical power of corresponding intensity. 

It may, therefore, be said that, in the two systems of motors, vxiter and steamy the first phy- 
sical expenditure is supplied by caloric. 

In hydraulic motors, it effects the change of state by opposing the action of gravity, which will 
restore later that expenditure of action after the return from the vaporized to the liquid state. 

In steam motors, the effect of caloric is immediate, while that of gravity is, for the time, 
eliminated. 

But, even in this latter case, it will be easy to see that the laws of gravity still intervene to 
measure, in a manner, the effects produced by caloric, which may always be expressed — like every 
other mechanical work — by the raising of weights. 

It becomes, therefore, very easy to understand this transformation of natural powers, so inti- 
mately connected that their effects are e^ual, and exactly compensate one another. This wilL 
perhaps, serve to explain the error into which some persons have fallen, who fancied that it could 
create an advantageous motor, by raising water with the aid of an artificial vacuum formed by 
the condensation of steam, and then utiUzing it by allowing it to fall upon a wheel or other con- 
trivance. 

But it must be evident that a volume of water, raised at the expense of a certain quantity of 
steam, cannot develop by its fall a greater power than that which would have been produced by 
the direct use of the steam : it is better, therefore, to adopt this last method. 

Definition of Steam. — ^In nature, bodies present themselves under three different forms, — the 
solid, the liquid, and the gaseous or aeriform. 

Were it not for the particular circumstances under which these bodies are generally main- 
tained, some in one state, some in another, so as to enable ua to classify them as above, — with much 
stronger reason might we say that bodies have no absolute state, but may present themselves 
indinerently under the one or under the other, which is true. 

The normal condition of the medium in which we exist is the sole cause of the distinction that 
has been admitted into common parlance. We say that water is a liquid ; that metals are solids ; 
that air is a gas, and so on ; and yet water may become solid as well as gaseous, and metals may 
be made liquid and even into gas. If air appears not to possess the property of liqueNing or 
solidifying, it is in all probability because we are ignorant of the means requisite — not because 
they do not exist : other gases are known to be capable of these changes. 

So that, — setting aside air for the present, — the physical state of a body is a mere question of 
temperature. It is certain that, if that of the earth nowhere exceeded one degree centigrade 
below zero, water would be classed as a solid ; and, in the opposite event, if the temp^ature rose 
to a sufficient degree of heat, vrater would be called a gas. 
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HaTine expUined thli in k general mtuiDer, we will now oocapr ooraelTea eidnriTel; with 
that which oonoenu tlie changes to which water may be nibjeoted. Sut, however great odt 
dedre may be to simplify as much as possible the stndy of steam, it will not avail our it«deia 
iinlew they have eome Imowledge in physics, apon whioh we cannot enter here. We will there- 
fore suppoee that koovledge to exist, embracing the theory of gravity, hydrostatics, the equili- 
brimn of gases, and the plienomena of heat. When occasion requires, nwreover, we shall not &il 
to recall to mind the fundamental laws of those different brancbea of physics. 

PriiKipla of tlia Formation of Steam. — If a certain quantity of water be placed in a vessel or 
poured upon the ground in the open air. it will gradually diminish in volume, and, in oonrse of 
time, disappear altogether nnlass renewed. The water is then said to have tvaporaitd, or trana- 
formed itself into steam— that is to eay, a gas — invisible Ulie air and mingling with it 

If, in lieu of leaving the water contain^ in the vessel simply eiposad to the temperature of tlw 
surtnuuding atmosphere, wo place it over a Are, it begins to heat, then to boil, and flnolly dis- 
appears, leaving the vase that contained it comrdetely dry, provided do liquid be added, and that 
the Qre be kept up a sqfHcient length of time. This time the water is said to have been caporiitd, 
which means that it has again been ooovertod into steam, but rapidly, and accompanied by the 
phenomenon of ebullition. 

We see, then, that the transformation of water into steam, or its change from the liquid to the 
gaseous state, takes place under two different conditions, which are, 
1st. SloiB ettaporaUon in the open air, and without any efferveacenoe ; 
2ml. Vaporitatiim, which signifies the rapid and tamultnous oonveision into steam. 
These two methods, though differing in appearance, in no way affect the properties of steam. 
Wo shall learn, as we proceed, that those conditions only prove that steam is formed at all tempe- 
ratures ; and that, in both cases, when passing from the liquid to the gaseous state, the water acts 
merely in obedience to a repulsive force of its molecules, which have a constant tendency to 
separate from one another, overcoming the resistance of the ambient medium. The formation of 
steam in vacuum fully illustrates this truth, and might, judging from the mere superficial evidence 
of our senses, oonstitnte a third method, whereas it is but an explanation of one single general 
phenomenon. We shall also see that this expansive, force of the liquid molecules increases with 
the temperature of the water. 

Formnlim of Steam in FocBum.— It llM been shown by means of the meat conclusive eiperimenls 
that the formation of steam is a permanent property in liijnida, and that they wnnid immediately 
assnme that state were they not prevented, under the ordinary conditions of their temperature, by 
the external pressure of the medium in which they are placed. 

Effectually, if water be introduced into a space entirely void of air and where no pressure 
exists, that is to say, in vacuum, it vaporizes instantaneouMy : so that of an apparent and fluid 
body, there only remains an invisible gas like air; and this phenomenon is accomplished no 
matter what the temperature of the liquid may be. This curious fact is demonstrated by physicists 
in a very remarkable experiment, and the most satisfactory, perhaps, that could have been 
devised. 

Two mercurial barometers being disposed in the manner indicated by Pig. 81S, and both at 
first marking the atmospheric pressure, like B, a drop of water, whence the air has been car^oUf 
expelled by distillation, is introduced mto one of the barometrical tubes, tay A, 
at its lower end by the aid of a bent pipe. On acconnt of its specific lightness the 
drop of water soon reaches the summit of the mereotial column and enters the 
barometrical chamber or Torricelli's vacnom. 

But here, and at the same time, an extraordiuEiry phenomenoD takes plaoe : 
the column of mercury falls while the drop of water disappean, entirely or in 
part, according to certain conditions which we shall point out presently. Be 
that, however, as it may, the fall in the mercury is sufficiently great not to be 
attributed to the mere weigiit of the liquid, which, by virtue ti the immense 
difference existing between Its own density and that of the metal, woold, at the 
most, have caused a depression in the latter scarcely appreciable. Neither can 
it be oooonnted for by a certain quantity of atmospheric air disengaged from the 
water, since this lost was previously purged by distillation. 

We ore, therefore, bound lo oonulude from this experiment that a gaseous 
body has been formed in the barometncal chamber, endowed with an expansive i 
force capable of causing the depression a, which may be easily measm^ by J 
means of the barometer B, that has remained intact. That ess is none other >- 
than the steam arising fnnn the water, whose molecnles, no longer nnder the 
influence of atmospheric pressure, have separated from one another with an effort of repulsion 
which is exactly measured by the barometrical depression a resulting therefrom. 

So that, in principle, the transition of water to the state of gas or steam is the eonseqaenoe of 
a natural expansion of its molecules, which only becomes manifest when it is capl^le of BntmouDt- 
ing the proseure of tiie ambient medium. 

The Influence of Temperature on the Formatioit of Steam. — The ftirmation of steam in vacumn 
being a generelly established fact, if, now, acconnt be kept of the temperature at which the water 
was introduced into the barometer, we shall acquire the certitude that the tendency to vaporiza- 
tion varies with that temperature, and that, as the latter Increases, so much greater is the depression 
of the mercurial column. In other terms, the elastic force of steam augments with the tempeiatore 
of the water by which it was engendered. 

The better to impress the mind with this important proposition, let as sappose, in the last 
experiment, that one decigramme of water was introduced into the baroioeter at a tempenitur- ' 

-i- 20 degrees centigrade; we recognize from observation that the depressitm of the 

oolomn would in that case be about 17 millimctrea, that ia, umming tqat Uie water lo 
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its heat in passing throi^h the mercury ; it may, therefore, be said that the pressure exerted by 
the steam thus formed is equivalent to a small oolumn of mercury of that height ; that is, ^^ 
of the entire column, or rather more than -^ of the total atmospheric pressure. 

Before enlarging more fully upon these principal properties of steam, it ¥dll perhaps be useful 
if we give a better explanation of what is to be understood by steam, and of its real constitution as 
compared with the notions one might be led to form thereof from a mere casual view of the question. 
Steam, with its property of expansion, and in that phase of formation in which we have supposed 
it to be, is in reality a transparent, inyisible fluid, like air. The grey or white vapours that escape 
from a vessel containing boiling water, from the chimney of a locomotive engine, and so forth, are 
frequently designated as steam; but improperly so, since those mists are but an immense agglo> 
meration of microscopic globules composed of a layer of liquid water enclosing steam, and floating 
in the air, but the whole assemblage of which does not possess the slightest elastic force. They 
may be regarded as the transitory form assumed by steam in returning to the liquid state caused 
by relative slow cooling. The phenomenon of fogs is often witnessed in the atmosphere, when the 
gaseous vapour which it always contains in a greater or less degree is, from some cause or other, 
partially condensed. 

The Maximum Elastic Force of Steam. — It is clear, from the foregoing experiment with the 
barometer, that, since water only vaporizes so long as it meets with no opposition from the external 
pressure to which it is subjected, that vaporization ought to cease as soon as the steam already 
formed has acquired precisely that tension which limits, with a given temperature, the expansion 
of the liquid molecules. And this, in fact, is what happens. For, if a sufficient quantity of water 
be introduced into the barometer, the whole of it does not become transformed into st^m, but a 
portion still remains on the top of the column of mercury after the depression of the latter has 
taken place. In order to attain this result it is necessary that the volume of water introduced 
should bear a certain relation to the size of the barometrical chamber, including the fall of the 
mercury. When these conditions have been fulfilled, the chamber is said to be saturat^i, that the 
steam has attained its maximum of expansion or elastic force. This is tantamount to saying that a 
sufficient pressure has been engendered to balance the tendency of the water, with its actual 
temperature, to transform itself through the expansive force of its molecules. 

Things being in this state, if by some means we are able to enlarge the space occupied by the 
steam, fresh quantities of water will be vaporized, and if we continue increasing it, not only will 
the whole of the water disappear, but the steam will still fill it and yet its pressure will not be 
completely destroyed. 

If we nave recourse to the opposite process, and lessen the space, a portion of the water that 
had been converted into steam returns at once to the liquid state ; and should we persevere in 
reducing it until it equals exactly the volume of the water originally introduced, the entire mass 
then assumes its primitive form. 

These properties, which are an inevitable consequence of what we have said touching the 
equilibrium between the tension of the steam formed and the natural expansion of the molecules 
of the liquid mass, are rendered clearly evident by the aid of an instrument called a well barometer. 

This instrument consists of an ordinary barometer. A, Pig. 849, but whose basin is formed of a 
deep tube B, widening into a cup at the top and partly filled with mercury, constituting a sort of 
ujell into which the tube A mav be plunged to a considerable length. As the 
height of the mercurial column is invariable and has for its base the level of the 
open surface in the basin, it follows, as a matter of course, that, by immersing 
the tube A in the well, the deeper it goes the smaller in proportion will the 
barometrical chamber become. If, consequently, we make a arop of water a pass 
to the surface of the mercurial column, as before, the space occupied by the 
steam will increase or diminish according as we raise or lower the tube in the 
well. By raising it the drop of water grows gradually smaller, and finally dis- 
appears altogether. By continuing thus to augment the barometrical chamber, 
the mercury — ^repulsed at first by the elastic force of the steam — will be seen to 
reascend towards its normal height, but without ever exactly attaining it, even 
could the tube be indefinitely raised ; which clearly proves tnat the steam con- 
tinues to occupy the additional spaces offered to it, and always exerts a pressure 
whose intensity is in the inverse ratio of those spaces. 

If now we replunge the tube A deep into the well, we shall see, little by 
little, the water reappear, and the whole of the steam will return to the liquid 
state if we immerse the tube sufficienUy deep to reduce the vacuum to the 
dimensions of the drop of water. 

This experimental result has caused physicists to sav that, although steam, 
like gases, possesses an indefinite force of expansion which enables it to dilate 
as the dimensions of the vase containing it are increased ; it is not, like most 
gases, indefinitely compressible ; but, that it has a maximum of elasticity or comr 
pression beyond which it ceases to resist, and, by condensing, returns to the 
liquid state. But this, however, in no way proves that it has not properties 
entirely identical with those of gases; for, beyond this fact, which nothing 
authorizes us to affirm, that gases are susceptible of any amount of compression, 
it has been observed that several of them liquefy in reality, if subjected to sufficient pressure. Of 
this number is carbonic acid, for instance, which becomes liquid under a pressure of 45 atmospheres. 
Other gases liquefy with a much less pressure. But steam offers an advantage seldom or never 
met with in permanent gases, and that is, the facility of observing the condensation that takes 
place if we endeavour to compress it beyond a certain limit. It is that limit that has been 
termed the maximum of elastic force, and which varies with the temperature of the liquid by which 
the steam was generated. It would appear, then, from this, that in vacuum, when the quantity 
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of liquid is snfBcient, the steam acquires immediately its maximum of elastic force, after which 
the vaporization instantly ceases if no modification of space takes place. By saying that at that 
moment the space is satwuted^ we use an expression that renders well the idea we wish to convey 
of the formation of steam which can only continue to disengage itself so long as its own pressure 
offers no opposition to the continued expansion of the liquid mdecules. 

The Relation bettDeen the Elastic Fbrce of Steam and its Temperature. — ^Now that the principle of 
the formation of steam has been rendered intelligible through the evidence afforaed by its 
development in vacuum, it becomes easy to show how its power increases with its temperature. 
In the foregoing experiment — the instrument used being the barometer, which does not admit of 
the measurement of a greater pressure than that of the atmosphere balanced by its column 
of mercury — we were unable to observe the effects of steam at a higher temperature than 100 
degrees, in which case the pressure would be su£9cient to entirely overcome the said column. 
The experiments, therefore, could only range between the temperatures of zero — the lowest limit 
at which water liquefies — and 100 degrees, when, the mercury in the vertical tn\>e being on a 
level with that in the basin, the instrument ceases to act. This first result has proved, however, 
of very great importance, since it has afforded an exact knowledge of the general properties of 
steam, and has enabled us, moreover, to establish a unity of measure of its power. Without 
rejecting the facility of measurement presented by the barometer, the grand unity, that has been 
chosen as standard, is the pressure of the atmosphere, to which that of steam becomes equal at a 
certain temperature, as seen already. Consequently, when the pressure of steam is capable of 
replacing the column of mercury in balancing the external air, it is said to be equal to one 
atmosphere. That pressure, as expressed by weight and unity of surface, is, we know, equal to 
1 * 0333 kilogramme on every square centimetre. It is simply the weight of a column of mercury 
measuring 76 centimetre in height and I centimetre square at the base. 

If, as we have explained elsewhere, water, when heated in the open air, cannot exceed the 
temperature of 100 degrees centigrade, tiie case assumes a very different aspect when it is confined 
in a close vessel firom which the steam is unable to escape into the atmosphere as fast as it is 
formed. The temperature of the water may then be neightened, giving forth steam whoee 
pressure increases, we might almost say, indefinitely. 

In order to furnish a mi demonstration of this fact, physicists have recourse to a very simple 
experiment, of which we must sav a few words. 

A tube. A, Fig. 850, bent in the form of an U, but having its branches of une<]^ual length — ^the 
longer being open to the air, while the shorter is hem^etically closed — is partially filled with 
mercury, and a drop of water is made to pass to the summit of the column in tne 
sealed end, as seen at a. ^ 

Having made these arrangements, if we now plunge the instrument into an 
oil bath at a temperature greater than 100 degrees, st^m begins to form, spread- 
ing from a to mn, and thrusting back the mercury which rises in the longer 
branch of the tube to a certain height si. It then becomes evident that tiie 
steam exerts a pressure superior to that of the atmosphere, since when in its 
liquid state it bore that pressure transmitted through- the mercury, but repulsed 
it as soon as it became transformed. 

Its real pressure is therefore equal to that of the atmosphere plus the column 
of mercury H, measured from the open surface « / to the horizontal line m n, 
passing through the summit of the column in the short branch of the tube. 

Be it granted, for example, that, in the above experiment, the larger column 
of mercury has reached a height H equal to 45 centimetres; how should we 
express ourselves in order to indicate the pressure of the steam that has been formed, allowance 
for the expansion of the mercury not being taken into consideration ? 

With a barometer indicating that, at the moment of the experiment, the atmospheric pressure 

is balanced by a column of mercury 76 centimetres in height, the steam will have overcome a 

resisting column of 76 + 45 = 121 centimetres. Li order to establish the relation between the 

121 
height of that pressure and that of the atmosphere, we say, -~^ = 1*592; meaning that the 

76 

pressure of the steam is equal to 1 atmosphere plus 592 thousandths. 

As regards the expression of the pressure by weight and unity of surface, adopting the centi- 
metre souare for the latter, it is sufficient to know the density of the liquid raised, and to ascertain 
its weight according to its volume. The density of mercury being 13*598. or 13*598 grammes for 
a cubic centimetre, we should have 13*598 x 121 = 1645 grammes. We then say that the steam 
exerts a pressure represented by a weight equal to 1*645 kilogramme upon every centimetre 
square. 

Let us remark, in order that no doubt may present itself to the mind respecting the condition 
of vacuum laid down just now for the formation of steam, — but which does not apply in the above 
experiment, — that it must be remembered that a vacuum does not otherwise modify tne phenomenon 
of the generation of steam,* beyond allowing its instantaneous accomplishment, and at the lowest 
temperatures, even that of freezing. Consequently, the properties observed are the same in both 
instances. Were it possible for us to transport ourselves to some place where the barometrical 
pressure could reach a height of 121 centimetres, the experiment might be performed with that 
instrument, and the results obtained would be precisely identical. 

Although the last experiment has enabled us to note the pressure of steam for temperatures a 
little above 100 degrees, it would not be so were it to become very much greater ; for, as steam 
rapidly acquires very considerable pressure, it is more than probable that the instrument would 
not be able to resist it. 

The first men, after English accurate investigators, to thoroughly investigate this question in 
France were the celebrated Arago and Dulong, to whom the A<»demy of Sciences entrusted the 
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importBiit Bnd naefal mliBian of Bsoertaining t)ie elastio foTMof staamthronKlinut the mmt extended 
eoue of temperatoTM poesible. That iBboiionB work was ool; tenninated iu 1830. 

This is how these lUiutnous wvanto opented bo as to obtain high degrees of temperalare, and 
he able, at the lame tiiae, to measure the OOTTe^oading elasticity of the steun. 

The water wu enalosed la a boiler made of straig sheet iron, perfectly air-tight, and flied 
io a brick fnniaoe. Two KaD-barrels, open at the top and closed at the bottom, were then inserted 
into the lid, deeoending, the one to the lower part of the Teasel, the other to the unper, where the 
steam was oonBned. Both were filled with mercury, which aoquired necessarily the same tempe- 
rature as the finid into whioh the barrels were plnnged, and which cwuld be easily u; 
the aid of thermometers so disposed as to anOer no loss by cooling. Being thus in a ] 
know at any moment the tempemtnre of the liqald and of the steam arising from it, a 
cation was eatabliahed between the latter and an mstnunent suitable Cor measuring ita corresponding 
tension. 

That instniment is what hu been called later a (^ndmted-air Manometry, and is eompoaed, in 
principle, of a stout slsss tube A, Fi)^. 851, closed at ita npper extremity, while ita lower one, which 
Is open, dips into a basin B, oontaining meronry. This tube is care- ^, 

folly adjusted to the basin, so as to cut off all conunnnioation with the 
external atmosohere. A second tube 0, similarly fitted, has one of its 
ends inserted likewise into the basin, but withoat dipping in the 
meronry ; while the other is connected with the vessel in whioh la 
the fluid whose elastic force has to be ascertained. 

In order to underttand the working of the manometre, let ua aup- 
poM, before beginning the experiment, that perfect oommnnioation 
exists between the seTeral parts, and that the whole is filled with 
atmospheric aii ; it is then clear that the level of the mercury within 
the guss tube will be the same as that in the basin, the pressure being 
eqnal thronghont. Soon, however, the temperature of the liquid 
beginning to rise, steam is formed in the boiler, and the air it contained 
is thereby gradnally expelled through an outlet temporarily reserved 
fof that object. So lon^ as the temperature has not reached that 
point at which the tension of the steam exceeds that of the atmo- 
sphere, the level of tlie mercury remains nnaltered ; but, from the 
initknt that ooeurs, from the special arrangement of the apparatus, the 
temperature of both the liquid and the steam augments, as well as 
the elastio foroe of the latter : the mercury ia then seen to rise in the 
tube on account of that excess of tension, which ia felt alike in the basin 
oontaining the mercury and in the vesselwbere the steam ia generated. 
But, as the meronry rises, it neoeesarily oompreeses the air confined 
in the npper portion of the tube, and whence it is unable to escape 
the elastic force of that oompi ...... 

steam, by virtue of the eqnal 

reotion on aooount of the weight of the eoli 



that of the r — 
of preeaure, barring a 




„ „ j{ mercury raised. This oompression of the air 

above the merenrial oolnmn is, therefore, the measure of the elastio foroe of the steam ; and is the 
more easily determinable that air la oompresaed in accordance with a well-known law, dieaovered 
by Harlot, and defined in the following terms : — 

TKt Bolumei of gatet art iiivently proportion^ to their preaurai. 

We shall revert again to that law, to which we merely allude for the better intelligence of the 
present experiment. 

Consequently, if we adopt as unity the volume of air contained in the tube at the oommence- 
ment of the operation, with the ordinary atmospheric pressures, when, by the rising of the mercury, 
that volume has been radnced one-half, we shall oonolude that it supports a donble pressure, or 
2 atmospheres ; when it has hetta reduced to one-third, that the pressure la triple, or equal to 
S atmospheres ; when to one-quarter, 4 atmospheres, and so on. 

- This disposition of the manometre enables us, therefore, at any moment to asoertain the elastic 
Ibroe of the steam formed, while the thermometers give its temperature. We may add that the 
ezperimenta have been carried as far as 24 atmospheres. From these experiment and others, a. 
very complete Table has been made of the correeponding elastio force of steam for various lempo- 
tBtnies and dso a formula whereby the intermediate quantities may be calculated. We subjoin 
that portion of the Table which is most likely to prove nseful in practice. The elastio forces given 
are maxima, that is to say, those, at each temperature, where the steam lataraUa tht tpace and 
would commence returning to its liquid state if an attempt were made to compress it. The Table 
is divided into two parts, the first comprising the elastic forces of steam for temperatures ranging 
frran to 100 degrees, the second the temperaturea corresponding to clastic forces that vary from 
1 to 50 atmospheres. 

A third Table lias been added to these, baaed upon calculation, for. pressures ranging between 
100 and 1000 atmo«pbeie«. Although it is the opinion, even of savants, that the numtiera it 
contaiiu aie not to m relied Dpon, since they have not the sanction of experiment, still we give 
it, that it may serve for oompanaon. 

The two first Tablesi on the contrary, afford all the guarantee demanded in practice: and from 
more reoent researches, made by H. Begnanlt, it turns out that, with the exception of a few slight 
differenoes, their correctneM may generally be depended upon. 

In examining these Tables with a little attention we are struck with a very remarkable result,— 
It is the rapidity with which the tension of steam increases, compared with its temperature, and 
how very far the two effects are from being proportional. This fact may be rendered still more 
apparent by means irf a gnphic tracing, which, being constructed witii the assistance of the 
numbers given ia the Tables, brings it more prominently before the understanding. 
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Table L~The Maximttm Elastic Fobcb of Steam fob Temfebatubes fbom to 100 

DEGBEES CeNTIGBADB. 



Degrees, 


TensioQof 


Presrarein 

kUoa. on 

1 centimetre 

sqnare. 


D8gre*s, 


Tension of 


Pressnrefn 
kilos, on 

1 oentiroitre 
square. 


Degrees, 


Tension of 


Pressure in 
kilosLon 

1 centimetre 
sqnare. 


centi- 
grade. 


Steam in 
miUlmitres. 


centi- 
grade. 


Steam in 
mlUimitrea. 


centi- 
grade. 


Steam in 
milUmitres. 





5059 


00069 


34 


38*254 


0520 


68 


209-440 


0-28454 


1 


5 


398 





•0074 


35 


40 


•404 





•0549 


69 


219 


•060 





•29761 


2 


5 


•748 





■0078 


36 


42 


•743 





•0581 


70 


229 


070 





•31121 


3 


6 


123 





•0084 


37 


45 


•038 





-0612 


71 


239 


450 





-32532 


4 


6 


•523 





0089 


38 


47 


•759 





•0646 


72 


250 


•230 





•33996 


5 


6 


947 





0094 


39 


50 


147 





•0681 


73 


261 


•430 





•35518 


6 


7' 


396 





0101 


40 


52 


•998 





0720 


74 


273 


030 





•37094 


7 


7" 


871 





0107 


41 


55 


•772 





•0758 


75 


285- 


070 





39632 


8 


8 


375 





0114 


42 


58 


•792 





•0799 


76 


297 


570 





•40428 


9 


8 


909 





0122 


43 


61 


958 





0818 


77 


310 


490 





•42184 


10 


9 


475 





0129 


44 


65 


•627 





0892 


78 


323 


890 





44004 


11 


10 


074 





0137 


45 


68 


751 





0934 


79 


337 


760 





•45888 


12 


10 


707 





0146 


46 


72 


393 





0983 


80 


352 


080 





47834 


13 


11 


378 





0155 


47 


76 


205 





1035 


81 


367 


000 





49860 


14 


12 


•087 


0- 


0165 


48 


80 


195 





1090 


82 


382 


380 





51950 


15 


12 


837 





0170 


49 


84 


•370 





1166 


83 


398 


280 





54110 


16 


13 


630 





0186 


50 


88 


743 


0" 


1206 


84 


414 


730 





56345 


17 


14 


468 





0197 


51 


93 


301 





12676 


85 


431- 


710 





-58652 


18 


15 


353 





•0209 


52 


98 


075 





13325 


86 


449- 


260 





61086 


19 


16 


288 





0222 


53 


103 


060 





13999 


87 


467' 


380 





63498 


20 


17' 


314 





0235 


54 


108 


070 





14710 


88 


486' 


090 





66040 


21 


18' 


317 





0250 


55 


113 


710 





15449 


89 


505' 


380 





68661 


22 


19" 


447 





0265 


56 


119 


390 





16220 


90 


525' 


28 





71364 


23 


20 


577 





0281 


57 


125 


310 





17035 


91 


547 


80 





•64152 


24 


21 


805 





0297 


58 


131 


500 





17866 


92 


566 


95 





77026 


25 


23 


090 





0314 


59 


137 


940 


0- 


18736 


93 


588' 


74 





79986 


26 


24 


452 





0334 


60 


144 


660 





19653 


94 


611- 


18 





83035 


27 


25 


881 





0353 


61 


151 


700 





20610 


95 


634 


27 





86172 


28 


27 


390 





0374 


62 


158 


•960 





21586 


96 


658 


05 





89402 


29 


29 


045 





0396 


63 


165 


560 





22639 


97 


682 


59 





92736 


30 


30 


643 





0418 


64 


174 


470 





•23758 


98 


707' 


63 





•96138 


81 


32 


-410 





-0440 


65 


182 


710 





24823 


99 


733 


46 





99448 


32 


34 


261 





0465 


66 


191 


270 





25986 


100 


760 


00 


1- 03253 


83 


36*188 


0492 


67 


200 180 


0*27196 
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Table n. — Of the Temfebatubes of Steam fob Tensions fbom 1 to 50 Atmosfhebes. 



Bastic Forces 
expressed in 

Atmospheres 
of 76 cents, 
of mercury. 


Oorresponding 

Temperatures given 

by tlie Oentigrade 

Mercurial 

Thermometer. 


Pressure In 
kilogrammes 

on a 

centimetre 

square. 


Elastic Forces 
expressed in 

Atmospberas 
of 76 cents, 
(rfmeroury. 


Oorresponding 

Temperatures given 

by the Centigrade 

Mercurial 

Thermometer. 


Pressure in 
kilogrammes 

ona 

centimetre 

square. 


1 


100 


1*033 


13 


193*7 


13*429 


u 


112*2 


1 


•549 


14 


197' 


19 


14 


•462 


2 


121*4 


2 


•066 


15 


200' 


48 


15 


495 


^ 


128*8 


2 


582 


16 


203 


•60 


16 


528 


3 


1351 


3 


099 


17 


206 


57 


17" 


561 


3i 


140*6 


3 


•615 


18 


209' 


4 


18 


594 


4 


145*4 


4 


132 


19 


212 


1 


19 


627 


^ 


149*06 


4 


•648 


20 


214 


•7 


20- 


660 


5 


153 08 


5 


165 


21 


217 


2 


21 


693 


5* 


156*8 


5 


681 


22 


219 


6 


22 


•726 


6 


160-2 


6 


198 


23 


221' 


9 


23 


759 


6J 


163-48 


6 


714 


24 


224 


2 


24 


•792 


7 


166-5 


7 


231 


25 


226 


3 


25 


-825 


7i 


169-37 


7' 


747 


30 


236 


2 


30 


990 


8 


172*1 


8 


264 


35 


244 


•85 


36 


155 


9 


177 1 


9 


297 


40 


252 


55 


41 


320 


10 


181*6 


10 


33 


45 


259 


52 


46' 


485 


11 


186*03 


11 


363 


50 


265 


•89 


51 


650 


12 


190 


12-396 
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«ium. 
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•qwn. 


100 


SU-36 


lOS-30 


600 


462-71 


619-8 


200 


363-E8 


206-60 


700 


478-45 




800 


897-65 


309-90 


800 


492-47 


826-4 


400 


423-57 


413-20 


000 


505-16 




SOO 


444-70 


616-50 


lOOO 


516-76 


1033 



The flnt idea of a tracing of this nature belonga to H. Cl^ent-D^rmeB, from irhose huita 
H. Leblane made a diagram which may be leen in the galleries of the Conaerratoire dee Arts at 
lUtiera, Paria. The one vhich we here reproduce, Fig. 652, compriaes, in addition, a special 
tenaioQ onrra, from to 1 atmoephere, aftiir the table drawn up bj M. Regnanlt. 
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The principle of the tracing ia extremely rimple. The vertical acale A B ii divided into equal 
|»rta inatcating a nocenion <n temperatures from to 200 degreee. The horizontal line B C !■ 
in like manner divided into eqnal fiarta eorreaponding to prewarea expressed in atmogpherea. 
Poiuta have been marked upon the diagram where the vertical and horizontal lines meet, that ia, 
at the inteneotion of the abscisses and ordinates passing through the temperatures and tenaiona 
which face one another in the preceding Tables, and those points united by the curve A C. 

A seooud curve D B has been traced to oorrespond with the teusionB ranging between and 
100 d^reea, and to enable the results to be more clearly understood by enlarging the scale. 
Eflbctimllj, the total length of the diagram which, on line BC oorrespondB to 15 atmospheres, 
Tepreeenta bat one only with reapect to the second curve D E, whose graduated scale of tensions 
is on the line F B, and gives at once the fractions of an atmosphere of 760 millimetreH of mercury, 
and the absolute heights of that liqnid expressed in centimetres. 

Thus, by this twofold grsdnstion of the scale we see simultaneously to what fraction of an 
atmosphere steam at a given temperatnre corresponds, and what is its eqaivalent in centim^trea 
of mercury. 

For instance, let us take a temperature of 70 degrees in the scale D F, and from its intersection 
i with the curve D E draw a vertical line till it meet* the scale E F. and we shall find that it 
answers in that scale to a merourial height of 23 centimibes and toO'Satmoapherio pressure. 

It is evident that the iurene operation, that is, to find the temperatnre for a proposed tension. 
ia performed exactly in the same manner, the di^Kirition of the diagram beinR equally adapted 
for M>th purposes. 

The oonstruction of these curves is sufficient to show the rapidity with which the tension of 
■team increase*, sinee. were it proportional, the pmnts of intersection of the lines passing through 
the temperaturea ana tensions would be situated on a straight line drawn from A to C. But 
this ia lar from being the case, since we see by the Table U>at the elastic force of steam, nt a 
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temperature of 82 degreed, being equal to 882 millim^treB of mercury, or about half an atmoephere ; 
it becomes double or 1 atmoephere at 100 degrees, 2 atmospheres at 121 degrees, 8 atmospheres at 
135 degrees, and finally it reaches 24 atmospheres before its temperature has risen to 225 degrees. 

Steam is, therefore, a power that requires to be used with great precaution, because, after 
certain limits, a few degrees of temperature suffice to double its pressure, and may entail serious 
disaster. This is known to all mechanicians, and should particularly be borne in mind by stokers 
for their own security. 

Density of Steam. — The density of steam forms a very important item in the study of engines, 
since it teaches what are the (|uantities of water requisite to feed a given motor. 

Before giving the mere list of values that correspond to the different densities of steam, 
according to its tensions and temperatures, some explanation is necessary so as to estabUsh clearly 
the condition in which it is when a density of any kind is applied. 

Steam may be supposed to be in two situations : 1st. Enclosed in a vessel together with a 
certain quantity of the liquid by which it was generated ; 2nd. Enclosed in a vessel of which it 
fiUs the entire space without any of the liquid being present. 

First condition. — ^When a vessel contains, at the same time, both liquid and steam, what will 
happen if the supply of caloric be continued ? The water will generate more steam, which will 
combine with that already formed; but, as the steam occupies a much greater space than the 
water that has been vaporized, the result will be that, since the primitive volume is only aug* 
mented by an imperceptible quantity, its pressure will notably increase, and in a manner analogous 
to that of a gas when condensed into a given capacity. Tms effect is further enhanced by the 
tendency of the first-formed steam to expand on account of the elevation of temperature. 

Second condition. — If a vessel, containing steam but no liquid, be subjected to an increase of 
temperature, the steam will make an effort to expand Uke a permanent gas, and its tension will 
increase in the same proportion. Only, in this latter case, the progression of the elastic forces 
will not be so rapid as in the former^ because it results only from the tendency to expansion^ 
which, within certain limits, is proportional to the increased temperature. 

Consequences. — Under the first of these two conditions, where the space occui)ied by the st^um 
though remaining perceptibly unaltered, is gradually charged with f^sh (|uantities of vaporized 
water as the temperature and tension increase, it is evident that the density of that steam must 
vary also, which is not the case under the second condition, where it tends only to expand, but 
receives no additional charge. The peculiar density of steam is derived, therefore, from the first 
condition, wherein each new tension corresponds to u'esh quantities of vaporized water. 

We are indebted to 6ay-Lussao for the most complete notions on this subject. The experi- 
mental researches made by that illustrious savant enabled him to construct a formula by tfie aid 
of which he calculated a table of densities, taking those by MM. Arago and Dulong, touching the 
relation between temperature and tension, as the base of his operations. 

In order thoroughly to understand the application of densities, it must be remembered, 

Ist. That the said densities correspond to the volumes occupied by the steam when at its 
malimum of elastic force, after which any mechanical compression would cause it to return to the 
liquid state ; 

2nd. That a g^ven weight of steam is exactly equal to that of the water whence it was 
formed. 

Table I. — Of ths Densities and Volumes of Steam at its Maximum of Elastio Forge, 

FBOM TO 100 degrees. 

The density of water at 0^ being taken as unity. 



Tempem- 
ture. 


Tauionln 
mUUmbtna. 


Density. 


Tolmne. 


Tempera* 
tare. 


Tension in 
millimetres. 


Density. 


Volmne: 





5 059 


000000540 * 


182323 


23 


20-677 


2021 


49487 


1 


5-393 


573 


174495 


24 


21 


805 


2133 


46877 


2 


5-748 


609 


164332 


25 


23 


090 


0-00002252 


44411 


S 


6123 


646 


154342 


26 


24 


452 


2376 


42084 


4 


6-523 


686 


145886 


27 


25 


-881 


2507 


39895 


6 


6-947 


727 


137488 


28 


27 


390 


2643 


87838 


6 


7-896 


772 


129587 


29 


29 


045 


2794 


85796 


7 


7-871 


818 


122241 


30 


30 


-643 


2938 


84041 


8 


8-375 


867 


115305 


31 


32 


410 


3097 


82291 


9 


8-909 


919 


108790 


32 


34 


261 


8263 


30650 


10 


9-475 


0-00000974 


102670 


33 


36 


-188 


8435 


29112 


11 


10074 


0-00001032 


99202 


34 


38 


•254 


8619 


27636 


12 


10-707 


1092 


91564 


35 


40 


-404 


3809 


26263 


13 


11-378 


1157 


86426 


36 


42 


743 


4017 


24897 


14 


12-087 


1224 


81686 


37 


45 


038 


4219 


23704 


15 


12-837 


1299 


77008 


38 


47 


579 


0- 00004442 


22513 


16 


13-630 


1372 


72913 


39 


50 


147 


4666 


21429 


17 


14-468 


1451 


68923 


40 


52 


-998 


4916 


20343 


18 


15-353 


1534 


65201 


41 


55 


-772 


5156 


19396 


19 


16-288 


1622 


61654 


42 


58 


792 


6418 


18459 


20 


17-814 


1718 


58224 


43 


61' 


958 


5691 


17572 


21 


18-317 


1811 


55206 


44 


66 


627 


6023 


16805 


22 


19-417 


1914 


52260 


45 


68 


761 


6274 


15988 
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Table I. — Of the Dbksitibs and 


VOLUMBS 


OF Steam, 


&c. — continued. 




TempenH 
tare. 


TendoDln 
miUimto«s. 


Densltj. 


yolmne. 


Tempera- 
ture. 


Tenidoii in 
miUimbtrea. 


Density. 


Yolnme. 


46 


72-393 


6585 


15185 


74 


273 030 


22794 


4387 


47 


76-205 


6910 


14472 


75 


285 


•070 


23789 


4204 


48 


80- 195 


7242 


13809 


76 


297 


•570 


24702 


4048 


49 


84-370 


7602 


13154 


77 


310 


•490 


25699 


3891 


50 


88-742 


0-00007970 


12546 


78 


323 


•890 


26739 


3741 


51 


93-304 


0- 00008354 


11971 


79 


337 


•760 


27789 


3599 


52 


98-075 


8753 


11424 


80 


352 


080 


0-00028889 


3462 


53 


103 060 


9174 


10901 


81 


367 


-000 


30025 


3331 


54 


108-270 


0-00009606 


10410 


82 


382 


'380 


31195 


3206 


55 


113-710 


0- 00010054 


9946 


83 


398 


280 


32399 


3087 


56 


119-390 


10525 


9501 


84 


414 


•730 


33G37 


2973 


57 


125-310 


11011 


9082 


85 


431 


•710 


34916 


2864 


58 


131-500 


11523 


8680 


86 


449 


•260 


36237 


2760 


59 


137-940 


12044 


8303 


87 


467 


380 


37590 


2660 


60 


144-660 


12599 


7937 


88 


486 


090 


38984 


2565 


61 


151-700 


13179 


7594 


89 


505 


380 


40417 


2474 


62 


158-960 


13760 


7267 


90 


525 


280 


41891 


2387 


63 


166-560 


14374 


6957 


91 


545 


800 


0-00043405 


2304 


64 


174-470 


15010 


6662 


92 


566' 


950 


44956 


2224 


65 


182-710 


15668 


6382 


93 


588' 


740 


46556 


2148 


66 


191-270 


16356 


6114 


94 


611- 


180 


48201 


2075 


67 


200-180 


17060 


5860 


95 


634' 


270 


49886 


2005 


68 


209-440 


17797 


5619 


96 


658- 


050 


51613 


1938 


69 


219-060 


18566 


5386 


97 


682' 


590 


53388 


1873 


70 


229-070 


19355 


5167 


98 


707' 


630 


55191 


1812 


71 


239-450 


20174 


4957 


99 


733- 


460 


57055 


1751 


72 


250-230 


21013 


4759 


100 


760-000 


0-00058955 


1696 


73 


261-430 


21889 


4569 











Table n.— The Densitibs . 


AND YoLUMES of StEAI 


[ FBOM 1 


TO 50 ATM06FHEBBB. 




ElMtiO 








Elastic 








Fovoe 








Force 






Temperature. 


expressed 

in Atmo- 

■pheree. 


Density. 


Yolmne. 


Tempentore. 


expressed 
in Atmo- 
spheres. 


Density. 


Yolmne, 














100 


1 


0-0005895 


1696 


193-7 


13 


0-006107 


163-74 


112-2 


1-5 


00008563 


1167-8 


197-2 


14 


0-006527 


153-10 


121-4 


2 


0-0011147 


897-9 


200-5 


15 


0006944 


144-00 


128-8 


2-5 


0- 0013673 


731-39 


203-6 


16 


0-007359 


135-90 


135-1 


3 


0-0016150 


619-19 


206-6 


17 


0-007769 


128-71 


140-6 


3-5 


0-0018589 


537-96 


209-4 


18 


0-008178 


122-28 


145-4 


4 


0-0020997 


476-26 


2121 


19 


0-008583 


116-51 


149- 1 


4-5 


0- 0023410 


427-18 


214-7 


20 


0-008986 


111-28 


153 1 


5 


0-0025763 


388-16 


217-2 


21 


0009387 


106-58 


156-8 


5-5 


0-0028091 


355-99 


219-6 


22 


0009785 


102-19 


160-2 


6 


00030402 


328-93 


221-9 


23 


0- 010182 


98-21 


163-5 


6-5 


0-0032683 


305-98 


224-2 


24 


0- 010575 


94-56 


166-5 


7 


0- 0034981 


286-12 


226-3 


25 


0- 010968 


91-17 


169-4 


7-5 


0-0037217 


268-82 


236-2 


30 


0-012903 


77-50 


1721 


8 


0- 0039484 


253-59 


244-8 


35 


0- 014663 


68-20 


177-1 


9 


0- 0043865 


227-98 


252-5 


40 


0- 016644 


60-08 


181-6 


10 


0- 0048226 


207-36 


259-5 


45 


0- 018497' 


54-06 


186-0 


11 


0- 0052557 


190-27 


265-9 


50 


0-020306 


49-31 


190-0 


12 


0-0056834 


175-96 











Table m. — The Densities and Volumes of Steam fbom 100 to 1000 Atmospheres. 





Elastic 








Elastic 




• 




Force 








Force 






Temperature. 


expressed 
in Atmo- 
spheres. 


Density. 


Yolmne. 


Temperature. 


expressed 

in Atmo- 

si^res. 


Density. 


Yolmne. 


311-36 


100 


0-037417 


26-72 


462-71 


600 


17791 


5-621 


363-58 


200 


0-068635 


14-570 


478-45 


700 


20318 


4-921 


397-65 


300 


0- 097671 


10-238 


492-47 


800 


0-2279 


4-387 


423 57 


400 


0-12534 


7-978 


505-16 


900 


0-2522 


3-965 


444-70 


500 


0-15202 


6-578 


516-76 


1000 


0-276 


3 622 
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The nse of these Tahles is easily understood. For the present, let it be observed that, as all 
the values have not been derived from actual experiments, it is possible that some may not be 
in strict accord with real facts ; but, as they set forth this property, that the density of steam 
increases with the tension and temperature, we conclude therefrom that, with a temperature 
sufficiently high, it is probable that it would equal that of water ; that is to say, that a certain 
quantity of water might pass to the state of steam without augmentation of volume ; " in which 
case it would have," says M. Pouillet, in his excellent * Treatise on Physics,' ** a tension of several 
hundreds — perhaps of several thousands — of atmospheres.** We learn from that savant that an 
experiment has been made by M. Cagnard de la Tour demonstrating a fact that seems to be an 
approach towards that hypothetical result. It is thus : a strong glass tube is filled to be a quarter 
of its capacity with water ; this done, it is exhausted of air and sealed hermetically. It is then 
exposed to a gradually-increasing temperature, when, on arriving at a certain temperature, the 
water seems to vanish altogether, and the tube appears empty ; but, on slightly cooling, the liquid 
returns almost suddenly . . . ; this effect is produced at a temperature nearly equal to that which 
causes the fusion of zinc, or 360 degrees centigrade. In other terms, the whole of the water 
vaporizes in a space only four times its volume I 

The EbvUlition of Water. — In order that the fundamental properties of the formation of steam 
may be well understood, it is necessary that the phenomenon of ebullition be fully explained : 
but, as that explanation would not have been intelligible without a portion of the preceding 
notions, we have been compelled to give them first. 

Everybody knows what takes place when we heat, during a sufficient length of time, a vessel 
containing water in free communication with the atmosphere. At first, a vapour is seen to rise 
that seems to emanate from the surface of the liquid, getting more and more intense as the water 
becomes warmer. Then a tremor of the surface is produced, accompanied by a peculiar noise 
which has been called the singing of the liquid ; and finally bubbles, similar to air-bubbles, form 
in that part of the vessel that is nearest to the fire, then rise to the surface, where they burst 
giving forth fresh vapour. Those bubbles are nothing else than certain molecules of the liquid 
being transformed into steam, and which, meeting with an equal pressure on all sides, from the 
water itself and from the atmosphere, offers an equal resistance in return, and so assume the 
spherical form in which they are seen to ascend. 

Now, an immediate consequence may be drawn from the simple observation of this fact, which 
is, that the pressure of the steam, in order that it may form these bubbles, must be greater than 
that of the liquid mass and of the atmosphere acting upon its surface. Consequently, if that 
pressure, which we will desig^te as that of ebullition, corresponds to an ascertained fixed 
temperature, it is evident that— the atmospheric pressure remaining unchanged — the liquid must 
always reach that temperature before the ebullition can manifest itself. 

That, in fact, is rigidly what takes place. Every' time that water boils in the open air, its 
temperature is always the same with a uniform barometrical pressure. If it has been found that 
water at 100 degrees centigrade generates steam under the atmospheric pressure, it is simply 
because we have choeen to mark the hundredth degree of the centigrade thermometer under a 
barometrical pressure of 76 centimetres of mercury. 

The ebullition of a liquid can, therefore, only take place so long as the steam it is capable of 
emitting balances the united pressures of the ambient medium wherein it is situated, and of its 
own mass or load above the surface heated. 

This definition of the phenomenon suffices to show that the degree of temperature at which 
the ebullition of a liquid may be produced is variable, and changes according to the pressure 
of the medium, since vaporization takes place at any degree. If a perfect vacuum could be 
established, and water at the freezing-point placed in it, it would immediately begin to boil ; but, 
in practice, it is never perfect, so that ebullition only takes place at a few degrees above zero. 
On the summit of Mont Blanc, where the atmospheric pressure is reduced from 760 millimetres 
to about 417, measuring by the barometer from the level of the sea, water would begin to boil 
at the temperature of 84 degrees, at which, as we have shown in one of the foregoing Tables, 
page 415, the elastic force of steam is equal to 414 millimetres, or a little more than half the 
pressure of an atmosphere. 

Finally, the greater the pressure to which water is subjected, the greater is its heat when 
boiling, and vice versa ; that is why the temperature of boilino^ water is higher in a valley than on 
a mountain. Let us add, by way of corollary, that, the conditions being similar, the expansive 
force of the steam of all liquids is equal at the moment of "ebullition. This is an axiom, since the 
very fact of the ebullition sufficiently testifies that the elastic force of the steam has become equal 
to that of the medium in which it has formed. 

Fixity of the Temperature at Boiling-point, — ^At whatsoever temperature ebullition n;iay be pro- 
duced, so long as it continues that temperature remains unchanged ; in other words, the liquid 
ceases to become heated the instant it begins to boil, always provided that the pressure of the 
medium undergoes no alteration. This fact is easily explained if we refiect that, as the liquid 
has acquired a temperature at which it can no longer subsist without change of state, all fresh 
quantities of caloric supplied are absorbed by the formation of steam. Therefore, under the 
ordinary conditions in which we boil water, it acquires, when pure, a temperature of 100 degrees, 
and retains it without variation. In reality, it would only reach that temperature on a level with 
the sea ; but in most European towns, which are necessarily higher, it does not exceed 99*8 deg^rees. 
This difference is unimportant with regard to the point under consideration. 

In order to increase the temperature, it would be necessary to create an artificial atmosphere 
of proportionally greater pressure than the ambient one, which is precisely what is obtained, in 
the case of steam-engines, by hermetically closing the vessel that contains the liquid. The steam 
that is disengaged then becomes compressed, and prevents the generation of further quantities 
except under a liigher temperature. That is what took place in the experiments made by 
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MM. Arago and Dulong to which we have preyioualy alluded. We may add that, if the vesBel in 
which the water is vaporized remains dosed, without any expenditure of steam, the ebullition 
cannot even be effectea, as the pressure, increasing every moment, prevents the formation of the 
bubbles. 

Fapin*s Scntcepan. — ^To obtain an experimental demonstration of this phenomenon, the apparatus 
known by the name of PapirCs Saucepan^ after its inventor, may be used. That apparatus consists 
simply of a vessel A, Fig. 853, made of metal, and having very 
great power of resistance. It is perfectly dos^, with the excep- 
tion of a small hole in the lid, fitted with a valve which a lever B, 
disposed like a Roman balance, keeps securely in its place. This 
arrangement is well known, being none other than that of the 
actual safety-valve, which is composed of the lever whose pres- 
sure is exerted upon the valve a, situated between its articulated 
attachment and the weight at its other extremity. The valve, 
therefore, can only rise out of its place by overcoming the resist- 
ance opposed by the lever in virtue of its load and the ratio of 
the two arms. 

The lid of the vessel A is also very firmly secured b^ means 
of a fastening D, bent in the form of an arc, and supplied with 
a pressui^screw, bv the aid of which the lid is made to press 
hermetically upon. the edge of the vase, care having been taken 
to insert between the two a round of soft metal for that purpose. 

The apparatus being thus constructed so as to resist a strong 
internal pressure, it is filled to about one-third of its capacity 
with water, and placed over a fire after being carefully closed. 
Gradually the temperature of the water begins to increase ; but, 
as the steam that forms is unable to escape, except upon the con- 
dition that its pressure is capable of opening the valve, it becomes compressed, and soon the ebul- 
lition is unable to proceed. 

If, at the moment when the internal pressure appears to reach that point where it is likely to 
raise the valve, the latter be opened, or a cock attached to the lid be suddenly turned on, the 
ebullition immediately manifests itself, and the steam escapes with impetuosity in the form of a 
jet which may reach a height of eight or ten metres, according to the amount of pressure within 
the vessel. The liquid cools to 100 degrees, and soon the whole of it goes off in steam, provided 
that the action of the fire be continued sufficiently long, and that the valve or cock be left open. 

The pressures to which the steam may reach under this condition are very considerable, and 
depend, moreover, upon the weight wherewith the valve is loaded. 

Without anticipating upon the details that will be given later touching this important 
apparatus, we may at once make a few remarks as 
to the conditions that have to be fulfilled in order 
that it may meet a given pressure. 

Fig. 854 shows the arrangement of the safety- 
valve, where we will call B the distance from the 
centre of articulation to the centre of the weight, or 
the long arm of the lever ; 6, the distance from the 
same point to the centre of the valve, or the short 
arm of the lever ; d, the diameter of the orifice closed 
by the valve ; /?, the intensity of the weight sus- 
pended from the lever ; P, the total upward pressure 
exerted by the steam upon the valve over a circular 
surface whose diameter is d. 

We first of all find, by the arrangement of the lever, and in accordance with its general pro- 

perties, that the downward pressure P' which it exerts upon the valve is equal to P' = /) x -jr- f 

supposing, for the moment, the lever itself to be without weight. 

In order that the valve may be kept in its place until the given pressure has been attained, it 
is necessary that the efforts P' and r be equal. But the effort P is always easily known, for it 
results from the said pressure and the diameter of the orifice </, "whose area may be calculated. 

Consequently, the operation resolves itself into finding the effort P, by means of the conditions 
laid down, and substituting it for P' in the preceding equation, which will enable us to calculate 
one of the three dimensions p, B, or 6, the two others being fixed a priori. 

Example. — Be it required to find the conditions of a valve having to bear a pressure of 
20 atmospheres. 

Let us suppose the diameter d of the orifice to be equal to 1 centimetre. 
„ „ long arm B of the lever „ 80 „ 

„ „ short arm d of the lever „ 2 „ 

what will be the intensity of the weight ? 

A pressure of 20 atmospheres represents an effort equal to 1^*0333 x 20 = 20^*666 for every 
centimetre square; consequently, the diameter of the valve being 1 centimetre, the pressure 
exerted upon it will be equal to the product of the corresponding section, in square centimStres, by 
the above pressure, from which pressure we must deduct that necessarily exerted downwards by 
the external atmosphere, and which is equal to 1. 
We therefore have for the effective effort P, 

P = (20 - 1) 1-0333 X 0-7a54 x 1» = 15-42 kilogrammes. 
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From this it results that adapting the preceding relation with p for the unknown quantity, we 

6 2 

shall have for its value, i> = P' or P — = 15''-42 x -stt = 1028 kilogramme. 

B 30 

In oondusion, it will be observed that the displacement of the weight upon the lever would be 
sufficient to alter the conditions of the problem, and consequently the result, since the arms of the 
lever would no longer bear the same ratio to one another. 

The valve, then, is the only cause that limits the pressure which the steam may acquire in the 
experiment of Papin's saucepan ; apart, of course, firom the capability of resistance of the vessel 
itself. By this method pressures of 40 and even 50 atmospheres have been obtained, that is to 
sav, steam exerting the enormous effort of 50 kilog^rammes on the square centimetre, or 500,000 
kilogrammes on the square m^tre. 

Influence of Substcmoes in Dissoiuiion upon the Temperature of the Boiling-point, — ^Among the several 
causes that intervene sometimes to modify by a few degrees the ebullition of water, the pressure of 
the medium remaining the same, we may cite salts and other substances in dissolution, which 
retard the boiling-point to a certain extent, aooordiiig to the degree of saturation. Thus, water 
saturated with sea-salt is hotter at the moment of ebullition than when it is pure, or even when it 
contains merely bodies in suspension that are not chemically combined with it. 

Considered from the purely practical point of view that occupies us at present, this phenomenon 
has, however, no very great importance ; since, supposing the saturation to be complete, which is 
rarely the case with water used for steam-engines, the temperature of the boiling-point is increased 
only by 9 degrees. Marine engines, and certain permanent engines situated near the sea, are fed^ 
however, from its waters, which contain salt in lurge proportions. But, in this case, the principal 
objection is not the alteration of temperature, but the dtrnger of explosion from the deposits that 
would form were the generator not kept constantly clean. 

Method of Vaporizing a Liquid that contains Foreign Matter, — When a liquid containing foreign 
matter, in a state of mixture, but without chemical combination, is subjected to heat, the vapori- 
zation takes place in succession for each of the substances forming the mixture, and in the order 
of temperature that corresponds with its respective boiling-point. 

If, for instance, we expose water containing substances more volatile than Itself to the action of 
heat, those substances wul be liberated first, while the mass of the liquid remains at the tempe- 
rature that suits their ebullition ; then, when they have disappeared, the temperature of the water 
will begin to rise till it reaches the boiling-point. 

In the opposite case, where the substances are less volatile than water, the latter vaporizes first, 
at the temperature suited to its ebullition, under reserve of the slight modification that may result 
from the mixture or the dissolution, as above mentioned. 

This fact will be very easily understood by observing that so soon as the liquid mass has 
acquired the temperature necessary for the ebullition of the most volatile of the liquids composing 
the mixture, in order that the latter may be vaporized, it absorbs all the fresh quantities of heat 
supplied, and which are thus prevented oo-operating in devating the temperature of the entire 
mass. 

Hierefore is it that vaporized water is considered pure, whatever may have been the foreign 
matter held in solution, since this last either has or will disappear, but never at the same time as 
the water. 

Such are at least the practical conditions we have to take into consideration regarding the 



mentary deposits resulting from the continued abandonment by the water, as it vaporizes, of the 
various calcareous and saline substances which it contains in aifferent proportions. The feeding 
of boilers with sea-water gives rise to considerable deposits of sea-salt, separated from the water at 
the moment of vaporization. This is what gives rise to those repeated cleansings so indispensable 
for the avoidance of accidents. 

Condensation of Steam, — What is called the condensation of steam is its return to the liquid 
state. We have already seen that a slight compression beyond its maximum of elastic force is suffi- 
cient to restore it to that state, either in part or in totality, according as the compression is 
momentary, or continued until the volume of fiuid is reduced to that which it occupied when in 
the liquid form ; of course, without any addition of heat. But in engines, it is not after this 
fashion, which is in reality the liquefaction of steam, that its destruction is effected. 

Condensation consists in cooling the steam by means of a certain quantity of cold water that 
takes up the heat that maintained it in the condition of an elastic fluid, yielding as result an 
amount of warm water, the steam from which has an elastic force very considerably less than 
that which has been aestroyed, and may be rendered as feeble as can be desired, according to 
the volume and temperature of the cold water added. 

This property of condensation is of the highest importance, since it enables us to get rid, almost 
instantaneously, of the potent fiuid that has just produced an effect, but would afterwards neu- 
tralize it if allowed to retain its expansive properties. The only thing needed to render atmospheric 
air and other gases motive agents susceptible of replacing steam with advantage, is the capability 
of easy condensation, since they exist naturally in the ^te of elastic fiuids under the ordinary 
temperature. 

It will be shown shortly how powerful engines have been constructed, with the atmospheric 
pressure for motive agent, and using steam as an auxiliary power, but one possessing the valuable 
property of being destroyed, leaving a vacuum wherein the surrounding atmosphere can act with 
irresistible force. 

Absorption, — We will conclude this outline of the phenomenon of condensation by citing an 
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experiment known to phyeielsto nndsr the name of abntrptiim, derigned, in the first plxWi to 

deDioiutTate the faculty we poasMB of creating a vacuum by meaiu of the condeneation of stesm ; 
and, in the next, to caution ua iLKHiDBt the accidentH that may reiiult from that gelfuame property. 

In chemical experimeiitB, and in many induutrial aperationa, an apparatua ia used aneJogoiui in 
vrangement to that represented in Fig. S55. Tbia arrangenieiil cODsi»ta of a cloaed reoeiTer A, 
placed over a furnace J), and oontaining a liquid 
that has to boil ; then a pipe D that starts from 
the receiver and, descendinB, plunges into n 
vessel C, coutainiDg some cold li<]uid, such as 
water, through which the steam disengaged from 
the receiver A has to pasa. 

As Boon aa ever the ebullition commences, the 
eteam that is generated exjiehi, by degrees, the 
air oonlaiued io the apparatus, and forces it to 
escape by the pipe D, driving the lic^uid before 
it, whose level ia nectisxarily the same in the tube 
and in the vessel ; and Bnally passes through the 
tube itself, rising, in the form of bubbles, through 
the water contained in the open vessel. The air 
being completely expelled, Uie apparatus ia now 
filled with steam only. Thiugs beiug in this state. 
If we extinguish the fire and oontinue to keep 
a free communicAttou between the two vessels 
through the pipe D, the steam will gradually 
oool, kising a portion of its clastic force. But, as 
that elastic force was the only thing that balanced the almoapherio pressure plus that of the height 
of the water in the vessel C, the excess of that external pressure begins to manifest itself by the 
rising of the water in the pipe D. As the oooling goes on, the pressure of the steam continues to 
diminish and ttie water to ascend in the tube till it reaches the (opand flnnlly penetrates the body 
of steam still remaining in the boiler A. At this juncture the whole of the steam is soon com- 
pletely destroyed and a vacuum is created, that is to say, an absence of all expansible fiuid. We 
then see the water continue rising, but this time with impetuosity, until the entire appaiatua is 
flUed, if the water in the vessel C be sufficient for the purpose. 

This effect, so simple to uodenttand, is produced every time that a capacity contaiDing steam 
is placed in communication with a reservoir ot liquid with a sufficient pressure, and that the steam 
is destroyed by condensation— on condition, however, that the pressure of the column of water in 
the tube, if full, exceed not that supported by tlie liquid in the open vessel. In tiie foregoing 
experiment it is certain that if the distance between the level of the water in the vase C and the 
horizontal portion of the pipe D had exceeded, vertically, tvn metres, the water 
could never have entered the boiler, and the vacuum would have remained. 

Therefore, if absorption is a thing to be feared, a vacuum is not leas so, si 
pressure, that has the power of raising the water from the lower to the upper 
wise burst in the latter, if it be exhausted and have not suiTlcient atrengui of 
ever there is danger of such an accident occurring, it is remedied by mean 
opening inwards, which allows the air to re-enter the apparatus. To prevent e 
may bo employed, which should be closed before the condensatioo of the steam. 

We see, then, that the condensation of steam is the means of Treating a vacuum and raisin" 
almost any volume of liquid to a height onrresponding to the atmoephenc pressure, and which 
varies according to the density of the liquid used. Effectually, what we have been sij^alizing as 
Mcidents, constitute, in many cases, most valuable resources in their practical application. 

Cahnjii: Action in tin Fiamation of Sieam.— Caloric, or heat, is the chief agent, or, to pxprpas 
ourselves more appropriately, the sole apparent cause of the phenomena of dilatation and the 
ehange of state that bodies undergo ; for, by penetrating the mass of constitutive molecules, it 
compels them to separate, and widens the interstices tliat seem naturally to exist between them. 
This external fact might be defined by saying that heat repulses the molecules of a body from each 
other in order to make room for itself, and establish an equilibrium between its ovm intensity and 
that of the medium or a|«ce occupied by the mass of the body ; and that the result of this inter- 
vention is an efibrt of repulsion eijual and opposed to the cohesive force of the molecules them- 

We conclude, from this definition as well aa from the observed fact, that the greater the amount 
of heat so much greater is the cfleet of repulsion. Finally, this distension of the molecules by an 
eicessive quantity of heat, after producing simple expansion or augmentation of volume, results in 
a chango of state : that ie to say, that from solid a body becomes liquid, and from liquid it passes 
into the gaseous stale or steam. 

It must not, however, be supposed, because this seond change, as regards liquids, takes place 
in vacuum without any apparent intervention of heat, that that intervention is wanting. Jl would 
be an error. The action of caloric is quite as real as in any other mode of forming steam ; and, as 
we have already remarked, the only result of a vacuum is to give rise instantaneously to what 
would have taken place but slowly in the open air. The atmospheric pressure is simply an eflort 
to be overcome by larger quantities of heat in order to create steam beneath its influence. As to 
the heat necessary to produce the phenomenon in a barometer, it is taken from the liquid mass and 
from the instrument itself, instead of being supplied by fire. 

There is, therefore, no exception as regards the formation of steam. Whatever method wo 
make use of in order to produce it, caloiic always intervenes, and with the same intensity, when 
the tensions are the same. 
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We only repeat here what has already been fully demonstrated in the preceding sectionB. We 
now pass on to the 

Mechanical Power of Steam, — ^The reason why steam is used, in preference to permanent gases, 
to produce motive labour, is because of the facilities we have of quickly destroying its power ; 
or, in general, of giving it a tension superior to that of the medium in wnich the motor works to 
which it is applied. For, the action of expansion being the same in all cases, such gases oould be 
employed as motive force just as well as steam were it equally possible to increase or lessen their 
pressure without expenditure of mechanical force. 

It is true that engines have been constructed worked by atmospheric air heated ; such a pro- 
cess is quite practicable ; but, besides the question of economy, it is much more difficult to deprive 
air of its heat after doing its work than it is to destroy steam by condensation. So that, up to the 
present, the latter remains master of the field. We shall now endeavour, therefore, to explain the 
mechanical properties of steam, as applied to motion, observing, at the same time, that the iden- 
tical reasoning holds good in the case of anv permanent gas. 

Work Done with Full Pressure, — It has been seen that, when steam is let off from a receiver or 
reservoir of any kind, it escap^ with an energy the intensity of which depends upon its own 
tension and that of the medium in which the flow takes place. The escape is, indjBed, the conse- 
quence of the pressure exerted by the steam upon all points of the receiver containing it, and 
particularly upon the parts surrounding the orifice. 

In order to transform this property into motive labour, let us suppose the following experiment : 

A vessel. A, Fig. 856, full of steam that can be continuously renewed with a tension greater 
than that of the ambient medium, is furnished with a vertical tube B of indefinite length. The 
latter contains a column, of mercury resting upon a small piston a, while a stop-cock 
C enables the conmiunication betweoi it and the reservoir to be cut ofi*. 

When the stop-cock is dosed, the column of mercury and its piston or diaphragm 
are at the lower end of the tube, and rest upon the cock ; but, if we come to open 
this last, the pressure of the steam will exert itself beneath the mercury and en- 
deavour to raise it in order to make its escape. The result of this action will be 
different, however, according to the reciprocal situation of the elements. 

In the first place, if the column of mercury, together with the external pressure 
which it has to bear, be equal or superior to the pressure exerted by the steam at 
its base, the column of mercury will remain stationary, and there will be no escape 
of steam ; the mercurial column fully representing the resistance opposed to the 
expansion of the steam by the sides of the vesseL 

But if the pressure of the steam be the greater of the two, the column of mer- 
cury will rise m the tube with an acceleration uniformly increasing till it becomes 
equal to that of the steam, beyond which it evidently cannot go. 

Consequently, by choosing this point of uniform velocity, we have not only the 
representation, but the actual measurement of a certain mechanical work per- 
formed, for we have a weight — that of the column of mercury — raised and moving 
with a fixed velocity in a unity of time. Thus the simple pressure of the steam 
is transformed into a real dynamical effect. Now it is not at all necessary to sup- 
pose that the steam has acquired the full velocity due to its tension, for it may 
raise the weight with a uniform velocity as slow as can possibly be imagined. To 
oonceive this, let us examine what would occur in the case under consideration. 

In the first place, the column of mercury, being inferior in weight to the pres- 
sure of the stcttm, will rise with an increasing acceleration, whose more or less 
rapid progression vrill depend upon the greater or less excess of the power over 
the resiiitance. 

But, if we re-establish the equilibrium at any given point of that progression by the addition 
of a small quantity of mercury, the acceleration will cease, and the velocity will preserve the 
uniform value it had at the moment of that re-establishment. 

From this observation we may say, as in the case of hydraulic motors, that 

In an engine^ whose motion is uniform^ the moving forces and the resistances are in perfect 
^lailibrium. 

The same experiment shows, likewise, the excess of force expended to overcome the inertia of 
a body, and make it acquire a uniform velocity in a given time. 

To sum up the foregoing definition, the work done by steam is also measured by a weight, in 
kilogrammes, moving in a straight line at the rate of a certain uniform velocity, expreraed in 
metres, in a second of time. 

The above experiment furnishes us, then, with the exact terms of the problem, wherein the 
weight of mercury raised, plus the ambient pressure it supports, represents the resistance over- 
come, and which must be equal to the pressure of the stc^m at the base of the column at the 
moment that uniform velocity takes place. 

Therefore, if that column weighs, atmospheric pressure included, 2 kilogrammes, for instance, 
with an area at the base equal to 1 centimetre, tne tension of the steam will have to acquire a 
similar value for every square centimetre, or, at an approximation, a pressure of aoout 2 
atmospheres. 

If the velocity, remaining uniform, were equal to 1 metre in every second of time, the labour 
expended would be 2 kilogrammetres. The useful work would be half that quantity, because we 
suppose the atmospheric pressure to form half the resistance. 

Not only is the work done by the effort exerted by steam assimilative to the simple displace- 
ment of a weight, but the quantities of steam to be expended may also be measured by the 
amount of work of which they are capable. In the preceding experiment it is clear that for 
every metre which the resistance has been made to travel, a fresh volume of steam, measured by 
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the section of the tube and that distance, has had to be supplied by the reservoir. Consequently, 
the volumes of steam expended are exacUy proportional to the work done, 'which itself is expressed: 
by the distance and the intensity of the weight raised, while this latter, again, is represented by 
the inferior section of the tube and the pressure of the steam thereon. But, on the other hand, as- 
the pressure depends upon the tension of the steam and the area of the section, we conclude that 
the volume of steam expended to do a given work is inversely proportional to the figure of its 
unity of effective tension. 

Finally, 1 kilogranmi^tre being the product of 1 kilogramme by 1 m^tre, corresponds to an 
expenditure of steam, with an effective tension of 1 atmosphere, equal to a column 1 m^tre in 
height by 1 centimetre square at the base, barring a fraction: or 0*1 litre. If the effective 
tension were double, the volume would be one-half less, and so on. 

Consequently, the expression for calculating the dynamical unity of volume of steam may be 
written thus : 0' 1 ife k 

^ ^ F^0333P ~ 10^0333? ' 

wherein V represents, in litres, the volume of steam expended ; 

k „ the quantity of work, expressed in kilogrammetres ; 

P „ the effective pressure of the steam, that is to say, its excess over that of the 

inedium opposed as resistance, knowing that 1 atmosphere corresponds to an exact pressure of 
1*0338 kilogramme on the square centimetre. 

Example. — What volume of steam would have to be expended in one second in order to 
produce 1000 kilogrammetres of work, its effective pressure being equal to 3 atmospheres ? 
Solution.— We find 

V= ^. ^^^ ^ = 82-259 litres. 
10'^*333 X 3 

It is evidently the same with this value as with that which corresponded to the quantity of 
steam generated for every kilogramme of fuel ; it is the theoretical value, or that which answers to 
the real useful effect ; but in practice it varies very much, as we shall see presently, independently, 
even of the method of using steam with expansion. It serves, however, as a general starting- 
point, which we must not lose sight of. 

To show that this result is in conformity with the disposition of the Table that will be seen 
further on, we will ascertain in a direct manner what amount of work a given volume of stean^ . 
with a known pressure is able to produce. 

By adopting the cubic metre for unity, it will suffice us to suppose that the base of the tube, in 
the preceding experiment, has an area of 1 square metre; this will give 1 cubic metre of steam, 
generated for every metre of distance travelled by the resistance. But, as this latter is always iu, 
equilibrium with the pressure of the steam, the weight raised wiU be precisely equal to the tension 
of the steam multiplied by the base. We shall therefore have 10333 kilogrammes for each atmo- 
sphere of pressure, multiplied by 1 metre ; that is, 10333 kilogrammetres as the theoretical work, 
developed by 1 cubic metre of steam for every atmosphere of effective pressure. 

We must once more observe that this result supposes, as a matter of course, that the initial 

Sressure of the steam remains unaltered during the whole of the time that the work is being 
one ; which is not the case when it is used with expansion, as we shall endeavour presently to 
explain. 

Work Developed by Expansion. — From the physical properties recognized in vapours and gases 
in general, from the beginning, it may readily be imagined what takes place when any space,, 
filled with a definite volume of steam, is enlarged. The said steam, by virtue of its unlimited 
power of expansion, which makes it tend constantly to augment its dimensions, continues filling; 
the capacity it occupied, in spite of the extension of the latter, and exerting against the sides of 
the vessel a pressure that diminishes in the inverse ratio of the successive volumes it is made to. 
assiune. 

This property, the effect of which is entirely analogous to the unbending of a spring that has 
been compressed and then suddenly allowed to go, is characterized in practice as the expansion of 
steam ; and this designation is reserved for engines where steam is used upon that principle. 

To convey a general idea of the use of steam with expansion, we need only revert to the 
experiment last cited, and suppose that the uniform velocity having been obtained, the stop-cock. 
C, Fig. 856, is completelv closed, so as to prevent the reservoir furnishing any fresh quantities of 
steam. That velocity will then be limited to the volume confined in the tube between the stop- 
cock and the base of the column of mercury raised ; if the resLsitance remained fixed, the motion 
would be continued for a few moments by virtue of the acquired velocity, but with a uniformly 
retarded movement, till it became extinct, when the column of mercury would immediately fall, 
reducing the volume of steam to that which it occupied at the time that the stop-cock was closed. 

But, if it were possible gradually to diminish the weight of the mercurial column in the same 
ratio as the pressure of the steam, which lessens as the space it occupies enlarges, the uniform 
ascending motion would be maintained, and the steam would still yield work through the agency 
of its e3(pansive power, weaker and weaker, it is true, but which — were it not for the limit marked 
by the external resistance of the ambient medium, to which the force of the steam must be superior, 
in order to produce an effect — ^might be indefinite. 

Consequently, over and above the work developed by the free fiow of steam from the reservoir, 
and estimated in the manner already indicated, there is yet a further amount of labour capable of 
being produced without any extra expenditure of steam ; it is, in fact, certain that, in order to 
draw the greatest possible profit from steam, it should not be relinquished until its pressure has 
become so weak as to be almost unfit for any useful work. 

There now remains to be calculated what are the total quantities of work developed under these 



euiditioiii. Thii II will be cmt to do u bood u we hftve wid * few wcrdi lonobing the Iftw di*- 
oovered by Boyle, commonly called the Uw of M&riotta, to which ws tuTe hitherto cmly alluded. ' 

Marwlt^t Lain. — When % definite volume of any permBnent gu a snhjected to different 
preMuiea, it is leadily perceptible that it diroiniiheg m volume u the pieseuTS inoreaBeB, and, 
lecipiocally, that the fonoer Bngments u the latter deoreMea. 

Apui from this flnt reeolt, vhich is evideut and polpabte, it hu boen woertained that, the 
temper&turee being equal, the volumes oooupied are in a itriking manner invenely proportioual 
to the preaiurei exerted ; whence we alio naturally deduce that the denmtiee are directly propor- 
tfamal to these same preesurea. 

This impOTtantphyiLcal law bears the name of the Abbot Hariotte, a French phydcist. Boyle 
was the first to enunciate it. It has since been verified by tbe meet competent men, snch as Arago 
and Dulong, Fitradaj, Fouillet, Begnanlt, and others. These illostrious savanti found that 
Boyle's law suffered some slight variationa with certain gosee and under condderable pneanres ; 
the differeuoee that have been observed by the aid of very delicate operations are not, however, 
of a nature to disturb the ordinary praoti<»l results. We shall therefore admit this law, purely 
and simply, in order to study the eSbcta of steam in the phenomenon of eipansion, whra« it presentii 
itself as a permanent gat occupying sncoeesivel; different volumes. 

Before apptoachiug this eubjecl^ let us sum up the law by its numerical lepreaentalion and by 
an example. 

If we deeignate by F, the pressure of a gas, or the ezpresdou of its elastio force for the nnity 
of surface ; 

V, its corretponding volnme; 
d, its density ; 
and tnr P, V, and if, thesamepropertiMunderother conditions; 
wo say P : P* ;; V : V; in other words, the preitartt artin thi inverit ratio qfthe voituna. 
Wenext flod dld-IlPlP'or d:if ::V':V, thatistosay. 

The detuitiet art directly pruporivmal to the prtuures, or inveriely proporliaiai to the eolumei. 
Example.— If we rednoe by J the volnme V — 1 cubic mttre of a gas, whose pressure P = 0'80 
mHre of mercury, and whose deusily d = 0'0012, what will be the presinm and douity P' and d" 
under the new volume V? ' 

Solution. — The above relations supply the following: 



fint, according to the data, the value of the fresh volume is 



From this value we deduce the following ones for the pressure and density : 



- = l«-00 of mercury; and if = ^^ = 00015. 



*- 0"-8 ' 0—8 

This law la so simple, that the above indications will certainly suffice to make its application 
understood. Besides, the two foregoing proportions supply the elements of all tbe proUems that 
might be proposed. We must only remind our readers that, in order that its application may be 
correct, it is necessary Uiat the gas subjected to the change of volume shall reUin its primitive 
temperature, otherwise effects of dilatation or contraction are produced that influeoce and modify 
individually the result, which is supposed to be due solely to tbe alteration of volume. 

CnicutadoB of the Total Wort dime by the Expaiuwn of ^team, — Since the amount of work done is 
always expressed by the product of the pressure exerted and tbe distance travelled by tbe resist- 
ance in thu unity of time, balancing that pressure, any quantity of work may then be graphically 
represented by a surface that can also be measured by the product of two numbers. Effectually, 
let us suppose a cartam effort, expitssed in kilogtanimM, to be represented upon any given aotle by 
a right line A B, Fig. 857, the divisions upon which indicate precisely so 
many kitogiammes ; and that the distance travelled by the resistance in ^'- 

tbe unity of time, and under tbe influence of that effort, be represented by 
a horizontal line A D, whose divisions are so many metres or fractious of 
mMies ; it is clear that, by oompleting the rectangle A B C D, its suriace 



will be the actual measurement of the'wotk, tiitce it Is the product of the 
units in A B by those in A D. 

I^or instance, let A B measure 8 centimetres and represent S kilo- 
grammca, while A D, measuring 10 centimetres, represents 10 metres of dis- 
tance travelled in tbe unit of time, say 1 sebond,'the amount of Work, measured as usual, will be 
8 X 10 = 80 kilogrammitres. 

But the surface of the rectangle, estimated, in like manner, by the twodDot of its udea, gives 
also eo ; BO that each small rectangle formed by the intersectioa of the divisifnial linea repreaents 
1 kilogranunttre. 

This &ot, very easy of oomprehension, being onoe proved, let us suppose that during tbe 
journey the rafort varies, though the velocity still remains unifonn. It will then happen that tbe 
•traight line A B, travelling from A B to D C, and which generated a rectangle t>y the fixity 
of its value, will no bnger possess that fixity, and B C will oonsequently cease to be a straight 
line : neither will the figure be a rectangle, but a surface limited by right linea upon three of its 
aides, and by a broken or curved line upon tbe fourth ; or again by a right line, but not pnnllel to 
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the base, if the variation in the resistance follows a certain regular law. We should thus obtain 
one of the three tracings indicated in the subjoined Fig. 858. 

The total amount of work developed for each distance travelled A D, multiplied by the variable 
resistance, will, however, be none the less accurately represented by the surface of each figure. For 
such surfaces may be divided into sufiSciently 
small parts, such bls abed, in the direction of 
the distance travelled, for them to be consi- 
dered as so many rectangles or portions of work 
generated by a particular eflfort which remains 
nxed during the corresponding time. The sur- 
face, then, of every one of those elementary 
parts will represent the amount of work an- 
swering to it ; and as the sum of those parts 
is equivalent to the entire surface of the figure, 
it naturally follows that this last represents the total amount of work done. 

By knowing, then, the law of variation by which an effort lb governed during the aooomplish- 
ment of a certain labour, it will always be easy to reckon the total quantity of work developed, 
since the only thing required is to make a graphic representation thereof and to measure the 
surface of the figure thus obtained, according to units previously agreed upon as representatives 
of the efforts and the distance travelled. 

The amount of work accompllBbed by steam during its expansion falls precisely within the 
conditions we have just examined. It is a decrescent effort exerted to overcome a resistance which 
is supposed to diminish in the same ratio in order that uniform velocity may be preserved. As to 
its law of decrescence, it is admitted that it follows that established by Boyle, as we have 
already stated, always supposing that the temperature of the steam remains unaltered during the 
period of expansion. 

Let us endeavour, from this, to bring top^ether these principles so as to find the value of the 
work that would be developed by a determinate volume of st^m producing, at first, an amount 
of labour at full pressure and which can be measured as we have previously shown, and then 
expanding to a given limit. 

By referring back to the experiment, page 424, which was admitted, we were enabled to 
•floertain the effect produced by a cubic metre of steam acting with its full initial pressure, and 
we found that the work thus done was equal to 10333 kilogrammetres for every cubic metre and 
for every atmosphere of effective pressure. Moreover, if the distance travelled be equal to 1 metre, 
the corresponding pressure will be 10333 kilogranmies. If, now, this work being accomplished, 
no further steam be supplied, that already introduced and now isolated from its source will occupy 
gradually-increasing volumes, whence its pressure will successively diminish according to the 
same decrescent progression as that indicated by Boyle's law. The base of the receiver where 
the expansion takes place remaining the same, and the volume of steam, therefore, only ienjtheninj^ 
the decrescence will apply itself directly to the initial pressure of 10333 kilogrammes. 

Let us, consequently, make a graphic representation of the work done at full pressure in the 
first place by a rectangle A B G D, Fig. 859, of which A B represents the initial pressure 10333; 
and AD the distance travelled during the perform- 
ance of the work ; then, having extended the base of 
the rectangle, let us draw lines parallel to A B from 
each of the points indicating the successive distances 
run from tne moment that the steam was cut off. 
The value of every one of those vertical lines must 
be that of the pressure acouirod at the end of the 
corresponding distances ; ana as these are exactly pro- 
portional to the successive volumes of the steam, and 
as the pressure acquired by the latter at every in- 
crease of volume is in the inverse ratio of the propor- 
tion which the last volume bears to the first, it will be 
^asy to determine each fresh acquisition of pressure. At any rate, we get, from the preceding 
proportion, P : P' :: V : V, the foUowing, CD or AB : c'jy :: Aiy : AD. 

In other terms, if, for instance, each division of distance travelled or augmentation of volume 

be J^ of the primitive one A D, we shall have as the successive values of the ordinates similar 

to CD, 

_,_ 20 20 20 20 20 20 20 ,„^ ^ ^„ 
CDx — J — » — » — » — 1 — t — J ftiid so on, 
21 22 23 24 25 ' 26 27 
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because the consecutive volumes will be 

21 22 23 



24 25 26 27 j 
,_,_,_, Zi , and so on. 



20 20 20 20 20 20 20 

By uniting, then, the extremities of all the ordinates thus determined, we obtain the complete 
figure A B C E F, whose surface will represent the total amount of work developed by the primitive 
volume of steam expanded, till it reaches the augmentation of volume indicated by the extension 
of the base A F of the figure, which may be continued to any required limit. 

If we perform this operation with steam at the unity of pressure, the expansion being the 
same, the work found by squaring the figure will be proportional to any initial pressure which 
the steam may possess, because, when the expansion continues unaltered, the base A F is invariable 
and the heights are proportional to the pressures. But, if we take, as starting-point, a determinate 
volume of steam, it is clear that the result will likewise be in proportion thereto, because the base 
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A F is proportional to the primitive volume, and that, the heights being equal, the surface of the 
figure becomes proportional to its base. 

Finally, we ascertain by this process the quantities of work that may be developed bv a 
cubic metre of steam at a pressure of 1 atmosphere with different degrees of expansion ; and wnen 
it is wanted to find the work corresponding to another volume and another pressure, it is only 
necessary to make the product of those different data by the value indicated for 1 cubic mHre. 
The results thus obtained are completely satisfactory in practice. Only it is indispensable that 
the apparatus wherein the expansion takes place be so disposed that any external cooling may 
be avoided, otherwise there would ensue a condensation of the expanded steam that would render 
the application of Boyle*s law incorrect. 

Poncelet, who was one of the first to make this theory known, has also calculated a Table 
giving the quadrature of the initial figure for different expansions, throughout a notable extent. 

We here reproduce that Table, to which we shall refer every time we have to calculate the 
conditions of an engine working with expansion. 

Table of the Total Quantities of Work developed bt 1 Cubic AIetre of Bteam uin>EB 

DIFFERENT EXPANSIONS, AND WITH A PRESSURE OF 1 ATMOSPHERE. 



Volume 


Qnantitj of 


Volame 


Quantity of 


Volume 


Quantity of 


Volume 


Quantity of 


after 


Work 


after 


Work 


afipr 


Work 


aft«rr 


Work 


Expansion. 


Oorresponding. 


ExpaimiuD. 


Corresponding. 

1 


Expansion. 


Oorresponding. 


Expuntdon. 


Oorresponding. 


c. m. 


k;nn. 


c. ro. 


kgin. 


cm. 


kgnu 


c. m. 


kgm. 


100 


10333 


1-35 


13434 


2 


80 


20973 


5-50 


27949 


101 


10436 


1-40 


13810 


2 


90 


21335 


5-60 


28135 


102 


10538 


1-45 


14173 


3 


00 


21686 


, 5-70 


28318 


103 


10639 


1-50 


14523 


3 


10 


22024 


i 5-80 


^cy4«A5 


104 


10739 


1-55 


14862 


3 


20 


22353 


I 6-90 


28674 


105 


10837 


1 1-60 


15190 


3 


30 


22671 


, 600 


28848 


106 


10935 


i 1-65 


15508 


3 


40 


22079 


! 6-25 


29270 


107 


11032 


1-70 


15816 


3 


50 


23279 


6-50 


29675 


108 


11129 


1-75 


16116 


3 


60 


23570 


6-75 


30065 


109 


11224 


1-80 


16407 


3 


70 


23853 


700 


30441 


110 


11318 


1*85 


16690 


3 


•80 


24128 


7-25 


30804 


111 


11412 


1-90 


16966 


8 


90 


24897 


7-50 


31154 


1 12 


11504 


1-95 


17234 




00 


24658 


7-75 


81493 


113 


11596 


200 


17496 




10 


24914 


800 


81820 


114 


11687 


205 


17751 




20 


25163 


8-25 


32139 


115 


11778 


210 


18000 




•30 


25406 


8-50 


32447 


1-16 


11867 


215 


18243 




•40 


25643 


8-75 


82747 


117 


11956 


2-20 


18481 




•50 


25875 


900 


83038 


1-18 


12044 


2-25 


18713 




•60 


26103 


9-25 


33321 


1-19 


12131 


2-30 


18940 




•70 


26325 


9-50 


83597 


1-20 


12217 


2-35 


19162 




•80 


26542 


9-75 


88865 


1-21 


12303 


2-40 


19380 




•90 


26755 


1000 


84127 


1-22 


12388 


2-45 


19593 


5 


•00 


26964 


15-00 


88817 


1-23 


12472 


2-50 


19802 


5 


■10 


27169 


2000 


41289 


1-24 


12556 


2-55 


20006 


5 


•20 


27369 


2500 


43595 


1-25 


12639 


2*60 


20207 


5 


•30 


27566 


5000 


50758 


1-30 


13044 


2-70 


20597 


5-40 


27759 


10000 


57920 



Use of the preceding Table. — The first column of the above Table shows the successive volumes 
that a cubic metre of steam may assume by expansion under a pressure of 1 atmosphere, and the 
second the total quantities of work corresponding thereto, developed before and during expansion. 
The Table exhibits, also, the great advantage of prolonged expansion. 

So that a cubic metre of steam that only develops 10333 kilogrammetres of work if used without 
expansion, produces 26964 kilogrammetres when allowed to expand to five times its primitive 
volume, and 34127 when the expansion is ten times that volume. Let us add that, in order to 
find the work corresponding to any particular volume and effective pressure, it is sufficient to form 
the product of those data oy the number in the Table answering to the same expansion. For 
instance, if we want to know the amount of work done by 0^"*400 of steam at a pressure of 5 
atmospheres and an expansion of five times its volume, we have 

26964 X O""- 400 X 5 = 53928 kilogrammetres. 

The preceding notions are sufficient to convey a practical knowledge of the conditions that 
determine the existence of the agent that animates the motors now under consideration. 

It was clearly necessary that we should first of all become acouainted with its physical pro- 
perties, that is to say, the laws that govern its simple formation, ana the natural phenomena which 
it presents, before even any application of it is made. The second point was to ascertain its 
mechanical power or the conversion of its mere physical pressure into work, characterized by a 
resistance overcome and a distance travelled. 

Having demonstrated this, there can be no difficulty in the way of understanding the descrip- 
tion and working of a steam-engine. 

The amoimt of work developed through the expansion of steam may be readily found, with 
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mathematical aoooracy, by the following Rule, since the dual logarithm of any given number can be 
calculated without the use of tables in a few minutes. See Byrne's ' Dual Arithmetic a New Art.' 

To Find with Mathematical Accuracy the Elastic Force of Steam in Units of Work, Rule, — Multiply 
the pressure at which the steam is admitted by the distance travelled by the piston before the 
steam is out off^ which product call (A). Divide the whole length of the stroke by the above- 
mentioned distance, and add 100000000 to the dual logarithm of the quotient ; call the sum (B). 
Then A multiplied by B gives the whole units of work when eight decimal places are cast off for 
the dual logarithm. 

Suppose the pressure of the steam = 21 lbs., the length of stroke 12 ft., and the steam cut off 
at 4 ft. 

4 X 21 = 84 ; caU (A). ^^ = 3. Dual logarithm of 3- = 109861229, 

* 1 00000000, 

2-09861229, (B). 

A X B = 2 09861229 x 84 = 176*28343236, the exact area of the figure A B C £ F, Fig. 859. 
Hence, the rule gives 176*28 units of work done on each square inch of piston in a stroke. 

In practice the Indicator gives a very different figure: however, tne nearer the Indicator- 
diagram approaches the true or mathematical diagram, the more perfect is the working of the 
engine. 

Suppose the pressure of steam to be taken at 48 lbs. ; length of stroke = 5 ft., and the steam 
put off at 2 ft. In this case 48 x 2 = 96, which call (A). 

1 = 2-5 dual logarithm of 25 = 91629073, 

100 000000, 

1-91629073, (B). 

A X B = 1*91629073 x 96 = 183*96391008, which is mathematically correct. Therefore the 
rule gives 184 units of work on the square inch in a single stroke. 

Qu«9.— Steam of 42*35 lbs. pressure is admitted to the cylinder for 2*36 ft. of a stroke of 

10*45 ft., then being cut off acts expansively; how many units of work is done on 1 aq. in. 

of piston in a single stroke? 

10*45 
42*35 X 2*36 = 99*946 (A). -^7^ = 4*428. Dual logarithm of which may be calculated 

in a few minutes. 

Dual logarithm of 4*428= 148794803, 

100000000, 

2*48794803, (B). 

A X B = 99*946 X 2*48794803 = 248*66045380638. Eight decimals being allowed for tho 
dual logarithm 2*48794803, 99*946 x 2*4879 = 2488*66 the units of work done on a square inch 
of piston in a stroke. 

Ques, — The length of the stroke in a condensing-engine is 12*3 ft., the pressure of tho steam 
43*7 lbs., and the steam cut off 3*7 ft. of the stroke. Find the gross load upon each square inch^ 
and the point at which the velocity of the piston is greatest ? 

12*3 

-r-;r =3*324327. 
3*7 

The dual logarithm of 3*32(327 may be calculated in a minute or two; it is = 120126729, 
which, when divided by 10", = 1 *2012G729. In the language of dual arithmetic, this operation xa 
concisely expressed thus : / 12 * 3 \ 

^' ( Ft") 

— ^ '/ = 1*20126729. 

The amount of work on 1 sq. in. of piston in a single stroke = 

43*7 X 3*7 X 1*2013 4- 43*7 X 3*7 = 43*7 x 3*7 X (2*2013) = 355*928197. 

355*928197 
Hence, .the mean pressure on the square inch = — -—5 — =28*94 lbs. 

It is evident that the velocitv is greatest at that point of the stroke where the expended steam 
attains the pressure of 28*94 lbs. Then, putting x for this point in the stroke, we have, by 
Boyle's law, 28*94 : 43*7 : 1 3*7 : x .*. x = 5*59. It is further evident that the length of the 
stroke, 12*3 divided by 2*20126729, gives the points x also. 

Ques. — The length of stroke = 9*76 ft., pressure of steam = 45*3 lbs., steam cut off at 2*5 ft. 
of the stroke, the area of the piston = 4185*39 sq. in., the weight moved having the same motion 
as the piston = 72640 lbs. ; what will be the maximum velocity of the piston ? 

9-76 

-— ■ = 3*904. 
2*5 

The dual logarithm of 3*904 divided by 10" = 1*37200166; then, according to what has been 

9*76 
shown in the last example, - =4*115 ft., the length of stroke made when the velocity 

is greatest. The work of the steam up to this point, on the whole piston, = 

45*3 X 2*5 X (1*49834708) X 4185*39 X 72640. 
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4*115 
Since the dual logarithm of -^7^, written j, (1*646) divided by 10" = '49884708, to which 

1 is added. The units of work by the whole piston in a single stroke = 

45*3 X 2*5 (2-372) X 4185*39 = 1124317. 

For 2*372= 4, (3*904) divided by 10"+ 1. .*. Mean pressure on the square inch = 

45*3x2*5x2*372 



9*76 



= 27-52 lbs. 



But the work done upon the resistances up to the point (4 * 115) of the stroke where the velocity is 

A maximum = 4115 x 27*52 x 4185*39 = 473974 units of work. .*. The accumulated work in 

the piston when the velocity is a maximum = 710210 — 473974 = 236236. Then, putting v for 

0* X 72640 
the maximum velocity of the piston in feet a second, ^j- = 236236 .*. © = 14*464 ft. 

Ques. — Taking the data of the last example, find the weight (W) of the mass moved, supposed 
to be posited in a position to have the same motion as the piston when its maximum velocity is 
5 ft. a second ? 

5* xW 

W may be found from knowing that = 236236. .*. W = 639713 lbs. = 286 tons nearly. 

Ques. — ^The length of the stroke in a condensing-engine = 10 ft., the pressure of the steam 
= 30 lbs., the steam cut off at 2 ft. of the stroke, the area of the piston 4000 sq. in., and the 
weight of the mass moved having the same motion as the piston = 50000 lbs. ; what is the velocity 
of the piston when 4 ft. of the stroke is made, supposing all the appliances to be perfect ? 

Total work on 1 sq. in. of the piston = SO x 2 x (2*60943791) = 156*566. For the dual 

logarithm of ^ = 160943791, and 1 added to 160943791, divided by lO^^, gives 2*60943791. The 

156*566 
mean pressure of the steam, or gross load, = — — — = 15*657 lbs. The work done on the 

piston when 4 ft. of the stroke is made = 4000 x 30 x 2 x (1*69314718) = 406355. Since 
the dual logarithm of f = 2, = 69314718. But the excess of this work over the work expended in 
moving the resistance shows the units of work accumulated in the piston when 4 ft. of the stroke 
IB made. Work of resistance up to this point .of the stroke = 15*657 x 4000 x 4 = 250512. 
.-. Work accumulated in the piston = 406355 — 250512 = 155843. v being put for the velocity, 

then ^^77^ = 155843. .-. t, = 14*16 ft. 

In the same manner the velocit v mav be found for any part of the stroke. The weight of the 
mass moved in any engine, referred to tne piston, may be found as in an example previouBly given. 
The mechanical principles of steam evolved in the last four examples are worthy of particular 
attention. 

Before the art and science of dual arithmetic was dlBcovered, independent and direct solutions 
of such questions as the following defied the combined skill of mathematicians. In such cases 
results were generally guessed a^ or roughly approximated to, by the help of empiri<»l rules 
and limited tables. Questions that presented great difficulties may now be solved with ease, and 
without extraneous aids or methods of approximation ; the subject is merely touched upon in this 
place to call forth a spirit of inquiry respecting an art so easily acquired, and at the same time so 
extensive in its application. 

Ques. — Steam at 60 lbs. pressure (p) is cut off at x feet of the stroke, and expands, according to 
Boyle's law, so that the mean pressure throughout the stroke = 32 lbs. (9), the whole stroke = 7*5 
ft. (a) ; find x by a direct process, without the use of tables or empirical rules ? 

We have before shown that |, ( — j is read the dual logarithm of - , which any student 

may calculate by common addition and subtraction. 

Then par( ^ iV + V '• xl,f^^ + Wx=zW^. 

a = ^- 

.*. a?l,a,-a?i,(ar) + 108x=108^. .*. ar (i, a, + 10^ - 10" ^ = ar i, (:p). 

Putting M for 10^ — , and N for 1, a+10» ; the last equation may become a? N - M = a: i, («). 

Then a natural number n may be found of which K is the dual logarithm ; and a natural number 
m of which M is the dual logarithm. 



ft* _ 
m 






1 X 

Taking the — root of both sides of the last equation, and substituting « for — , then, 

H 11 



(l.y = ^^ V = ,' . lO* '-^— = 400000000, = J, (m). 

■'■ ^' (^) " '400000000; I, (7'5) = 201400302. 
.-. 1, (7-5) +10'= J, (b> = 301490302, ;,(^M 

Then i, {*— V = * !,(') = '40OO0OO00 (■049050393) = '19G22037. 

The general solution of equations of the forra i" = ft.orii, (i) = '19C20237, la given in 'Doal 
Arithnetio a New Art,' by Oliver Bvme, Part II., mge 98. By this new art i in renJily (bund 
to b« = the dual number ,'oi "3 4, Vi '4 '6 '6 '0, which ia equal to the natural number -076221291. 

r = ~ = (019050598) j = •076221291. .-. j: = 1-53932 feet. 

We have now pointed out how heat, water, and iteam, brought together in a boiler, combina 
to produce mechnnical effect; but the appliances and enperimnnts wliich we have thua far 
advanced were favourable, bo that nothing waa introduced to prevent the reeulln predicatod by 
abstract reasoning from being obtained ; however, in practice niany things conspire to curtail the 
mechanical effect of uteatn : for instance, some iHiilentaio at rest, otiiera in motion, while the motor 
steam is being generated in them. From some boilcra, a particular pressure and a cuustant supply 
of steam from a limited space, in ft short time, is often re<iuired. The fuel employed and water 
(leed play importanl parts for or against the efflcieney of a boiler. The original boiler arrange- 
ments of James, Ogle, Moulgomery, Dundonald. and Williams, and of a few other ingenious 
inventors, have overcome many of the practical difficulties of boiler construction. Two methoda 
are employed to effect the object in view, namely, the establishment of a large heating-surface 
compared with the volume of water to which the heat is immediately applied, and tlie application 
of oonsiderable heat to the water, through a small surface, and thua rapidly effect the conversion 
of water into steam of the required force. 

W. H. James' boiler was composed enlirelyof tubes of sraall diameter arranged side by side.aa 
in Fig. 860, and inserted into two large pipes d, r. One of these tubes or rings is shown in section. 
Fig. S61, and exhibits the space occupied by the water a <i, the steam room 6 6, the horizontal pipe 
d serving for a steam-pipe, the feed- 
pipe « which distributes the water into HO. ssi. 

the rings nniformly. The thickness J 

of the rings was A in., of the hori- 
zontal pipes d and « f in., aod the 
diameterof the boiler 24!n. The fire , 
was placed on a grate near the bot- 
tom, and sometimes directly on the 
tubes, which thus formed the grating \ 
itself. This boiler was enclosed by 
brick-work, from inside the arched 
roof of which much heat was econo- 
mized by reverberation. James pa- 
tented this boiler in 1825, and he 

may be considered to be the flrat inventor who practically understood what was required to con- 
stitute an efficient boiler. The comparative merits of the boilers specified in the succeedinf; 
tabulated arrangement can, in a great measure, be comprehended from the appended data antl 
tegistered results. 

The boiler invented by Nathaniel Ogle is shown in Tiant. 802, 863, 8G4. 

Pig. 862 shows a vertical section of Ogle's boiler, Fig. 863 is a ground plan, and Fig. 864 
■eetion of the top. 

o, a, a, are tubes or vessels placed over the furnace B in an upright or perpendicular or vertical 
position, c, c, are tubes or pipes for connecting the tubes o, a, n, tt^ther. rf, d, d, are the inner 
flues whicli run through the inside of the tubes or vensels a, n, o, and out at the top, and which 
flues or tubes are also placed in an upright or perpendicular or vertical position, and are for the 
escape of the heated air or gas arising from the fire, which may be made i>a the furnace bars e, or 
in any other way that may bo found convenient. /, /, /, ore flues or apaeea whicli also serve for 
the escape of the heated air or gas arising from the fire. 7, ^, ere the sides of the fumact' ; the 
front is supposed to be taken away, in order to show the boiler or generator, /i, llie chimney, 
i, I, I, are bolts for screwing the tubes or pipes 1;, c, together. *, the feed-pipe for supplying the 
boiler or generator with water. /, the steam-pipe, m, tn, m, are tubes or pipes to connect the tubes 
or pipes r, c, together, n is the adi-pit. The water which is contained between the tubes or vessels 
1, a, a, may be pumped into the boiler or generator to any lieight at which it may t>e found moat 
convenient, and a safety-valve may be attached in the usual way. 

From a series of well-directed elperiments, Ogle brought his boiler to a great state of perfection ; 
he received much practical assislanoe from Thomas Don, the eiperienced millwright and engineer, 
who for a oonsiderable time was engaged with Ogle in carrying out steam locomotion on oommnn 
roads. Oneof the last arrangementsgiven to Ogle's boiler is shown in Fig. 865: one of the horiwintal 
tubes, detached, is shown in Fig. 866 ; the dimensions, shown at A, 3 by 3} in. ; length, 3 ft. 4 in. 

This boiler was composed of eleven rows of perpendicular tubes, ten tubes in each row ; the 
Internal diameter of the upright tubes was 3 in. 

After a series of eiperiments, Ogle and Don so proportioned the heating-surface to the volume 
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of water to which it oommtinicated a maximtim calorific value, that they diBpensed with the inner 




exit at 6. Ogle po wowo d great mechanical skill, as well as eztexudye general information ; he 
was highly educated in both college and school. In early life he was an officer in the Boyal 
Kavy ; nis attainments in other departments of science and art were considerable, and no man 
possessed a heart with a greater amount of the milk of human kindness than Nathaniel Ogle. 
The writer knew him well ; peace be to his ashes. 
The boiler shown in Fig. 865 had 

•q. In. 

110 upright tubes; surface of each was 351 sq. in. ; in all 38,610 

22 horizontal tubes a^OjC; surface each 320 sq. in. ; in all .. .. 6,400 
3 horizontal tubes to join the rows of tubes at top and bottom, for 

water-supply and to take off the steam ; the surface, in all 1 ,296 

Or 320 sup. ft. or heating-surface contained in a space of 34} cub. ft. 46,306 



cob. tn. 

Solid eontflnta ^ ^P^»^* *"^ ^^ ^'^^^ ^°- • ^° *" ^^'^^ 

°^"^ ^^*®"" ^ Horizontal tubes 18,424 



{ 



Or 180 gallons. 



50,104 



The Dundonald boiler is shown in Figs. 867 to 871 ; this arrangement is original and yery 
complete. 

Fig. 867 is a general view of the boiler inyented by Thomas Cochrane, commonly called Earl 
Dundonald. A is an aperture at the back of the ash-pit to admit heated air through a duct or 
channel B, 0, to unite with the candent gaseous products of combustion at 0, and complete the 
decomposition of fuliginous matter. From this boiler Dundonald cuts off the steam-chest D, E, F, O, 
reducing the altitude of the boiler to D, G, and in lieu of the steam-chest he adds a reservoir H, K, 
of sufficient capacity, using the device L, M, being a plate of iron or other substance, whereof the 
part M may either be immersed in the water, or a pipe or channel M, L, may be added, whereby 
the spray or water hurried up bv the steam may descend, so that the steam which shall enter the 
centrifugal separator O, P, may oe comparatively dry ; but diould any spray remain enveloped by 
the st^un, the same wUl adhere to and fall down from the separator through the tube or channel 
Q, which performs the same office as M, K. It is obvious that these channels, being immersed at 
their lower extremities, do not permit the flow of steam in a direction contrary to the issue of the 
separated water. 

Fig. 868 exhibits a common tubular boiler, from which the lofty appendage of a steam-chest 
may be removed and the steam reservoir substituted. H, K, represents that reservoir, and 
D, £, F, G, the steam-chest cut off^ wliich important improvement Dundonald renders practicable 
by devices that retain the spray or water termed priming. L, M, is a guard to ward oil the effect 
of violent ebullition, and at M, K, is an opening or channel (the lower part whereof terminates 
under water to prevent a counter-current of steam), through which opening or channel the 
greater part of the priming descends, leaving the steam comparatively dry to enter the centrifugal 
separator O, P. 
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Fig. 869 is an enlarged view of that separator, on the sides of which the remaining spray 
impinges by its rectilinear impulse, and adheres until it descends through a submerged pipe or 
channel Q, and returns into the boiler. The dry steam enters the reservoir H, K, at the ends of 
the separator O, P, by the openings P, the rest O being closed. But in constructing boilers it is 
proposed wholly or partly to envelop the funnel in the reservoir, and so render the steam still 
more dry by imparting thereto the heat which the products of combustion may then and there be 

2 p 
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able to import. Coiideiued rteam may be drawn off fmm tlie mervoir R, K, nnd returned to the 
bailer by a amall tranafer-pump R, or by a connection with the feed-pump, or it may be blown out 
through a pipe by the steun preaaure. 

Pig. STO shows a means of coniiuuDicBtiii); powi^ to propelling apparatus without long shafta 
or the ordinary gear. 7 ia a rtenm generator ; v ia a sttatn-pipe enclosed in a case oon»)osed of 
the lesst-couducting material to prevent loui of heat : and i in a ileam reservoir, placed aa De«r 
the extremity of the vessel as may be convenient ; thns a short propetler-shaft from an engine 
contiguona thereto will euCBce. Contiguous to the reservoir i, and reaching to the stern-frame, 
Dundonald plactxl a water or an air and wat<!r tight tank, through which the propeller-shaft passes, 
whereby the bearings were ktpt cool, and iMikaj^e from the stuiBu'r-boies prevented. 

Fig. ^1 is a boat boiler, whicti, as regards its steam -generating arrangements, may be on the 
nsual locomotive plan. Dundonald's improvements consisted in placing around the funnel, or 
where moat oonvenient, a steaoi-teparator to ward off the effect of violent ebullition or extern&l 
agitation, and draw off the spray or primiiyj arising therefrom by the pipe or cbannd H, N, cr Q, 
leaving the steam comparatively dry to pass into Uie lower reser- j^j 

voir H, K. 

Dundonald Justly claims the constructing of boileia with steam fi 
reservoirs below the level of the water in lieu of and dispensing 'J 
with steun-cheats above ; and also the means of retaining the heat 
and drying the steam in a reservoir by the presence of 
flre-snrfam, or by the passage of tbe flae or chimney tt 

His invention also prevents the overflow of water, 
mmg, into a steam reservoir by protecting plates or channels, h 
grooves or ducts, whose lower extremity is immersed in — ' — 



« of a portion of < \ 

ey therein. ^ S L^^__^ 

iter, termed pn- Ij-M M^S^— — i 

channels, having ■ ■ M-'T ^^^1 P.— -J 
J in water within 11 l li n"=l i r% e. 



._r, and so leaves a 

for the primiyiij which separates from the steam. Dundonald also 
ri^bUy ciniius a spiral dt otbtr ceutrifugal s^'pambir. whli'h for tlid purpiie^^ 
might be square or other shape, and still perform the offlce of separator 
on the principle thereof; and the introduction of a submerged opening, 
groove, pipe, duet, or channel, whereby tlie spray or water an sciianteil 
may descend or pass off unopjuised by a counter^urrent of steam. 

About the year 1S46 James Montgomery introduced the boiler arrange- 
ments shown in Figs. 872, 873. 

Fig. 8Ti2 in a vertical section through the boiler nnd through the fur- 
TiHCO by which it is heated. Pig. 873 is a horizontal section through the 
furnace in the line x , x , of Fig. 872. 

U, C, is the flre-chamber into which the fuel ia to be fed throngh a 
scried of doors at the side. C, C, are the gmte-bars. D ia (he ash-pit. 
E, E, are vertical tubes through which the water ia to circulate. These 
'.ubes imsa through suilaUe heads P. P. The cjise or body of (he boiler 
' ' " 'na the lubes is represented as reclangular ; but Montgomery 
made it cylindrical, and varied ita form in other ways. The 




flr»«hambcr ia surrounded by a water-space G, G, which ia continued on the sides of the ccm- 
taining ease of the vertical tubes. H, H, is the steam-ehamber: LL the water-line; J, J, that 
portion of the boiler that is below the lower tube-head; and K, K, tbe bottom of the boiler. 
ITiis bottom is made convex outwarda, and may be either spherical or conical ; and as the he»l 
from tbe Are does not act on this bottom, the water contained between it and the lower tube-head 
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will be fa B Bt&te of oomparatiTe qniBioence, in oonaaquenee of whioh the sedimenUry matler, 
from vbich incnutfttiona are ordinarUy formed on the bottoma and other parte of boilerB, will 
settle down in a loose nnag^regated state. B; means of a tabe L, and a cock H, or by the aid of 
ao ordinary valve, the aecumiuated sediment ma; at an; time be blown off wiUiout oooaaioiiing 
any considerable waste of water. 




The flame or heat from the fire-chamber is directed, Srst, against the upper ends of the 
vertical tubea, and then upon their lower ends ; and to effect this I place a partition or dia- 
phragm N, N, BO as to divide the larger portion of the chamber containing the tubes into two 



diaphragm, thence into the flue-space O, O, below the ash-pit, and thence to the ohinu^ 
The introduction of this diaphragm-plate is an important feature, and first introdnoed by Mont- 
gomery. 

Q, Q, Fig. 872, is a shield, eoofliating of a plate of metal placed below the boiler-head at such 
distance therefroin as to aUow of a steua paasage between the two ; its diameter is somewhat less 
than that of the boiler-huad, so as to allow the sleom from the steam-chamber to pass into it 
whilst it completely covers the npper ends of the vertical tubes. By this arrangement of the 
shield the steam is draWD equally from all ports of the circumference of the boiler ; the foaming 
of the water when the pressure is taken off by the admittance of steam into the cylinder will also . 
be in great measure prevented. B, B, is the steam-pipe leading from the middle of the boiler- 
head to the engine. 

Montgomery adds : — " The prodncing of a tree and continuous circulation of the water in a 
boiler has been frequently attempted, but has not been, as I am well assured, hitherto atteined ; 
but by my plan of arranging the respective parts of the bailer in anch way as that ita bottom shall 
not be subjected to the direct action of heat, and of introducing it laterally among the vertical 
tubes at their apper ends, I not only secure Uie ready depositing of the sediment as stated, but 
effect a rapid and decided circulation, whioh prevents all incrustation on the interior of the tubes 
and at the bottom of the boiler, and also augments the quantity of steam generated. T have 
represented the diaphragm as situated at about one-third of the height of the boiler from ite top, 
but it may be placed near its middle, or lower down if preferred, the flre-ahamber also being 
depressed to accord therewith." 

The Are is to be ignited at the part nearest to the boiler, and soccessively through the doors 
more and more distant from it, the object of which is always to keep a clear Are towards tha 
boiler, the fireman moving the fuel which has ceased to give out smoke gradually forward, and 
giving the new supply at a distant door, so as to cause the smoke to pass over a clear fire, by which 
means it will be completely burnt, the unavoidable leaking in of atmospheric air being euiflcient 
to produce that result ; an additional supply may, however, be given should it be found necessary. 
Vf, W, Fig. S72, is a waste-steam pipe lading from the ordinary safety-valve into the ash-pit D, 
This pipe will conduct the steam that escapes through the valve, whether in small or large 

Snantities, into said ash-pit : and when the quantity ia large from the effect of too great pressure, 
le steam will have the effect of damping the Sre. and thus of regulating the pressure. 
Montgomery also introduced a peculiar method of applying expanding-rons to boilers, for the 
purpme of preventing explosions by damping the fire before the point of danger was reached. 

One form of this arrangement Is shown in Fig. 673. i, a, is a rod which is made fast to the 
front fomace-plate, as at t. It passes through suitable stays to prevent its bending, is jointed at 
its rear end to a rod u, and this at its opposite end is jointed to a rod r, v, that passes to the front 
of the boiler : ic is a rod that passes from the rod w, through a stufRng-box z. and is made fast to 
an immovable bulkhead at y ; the rod n consequently remains stationary ; the expansion of the 
boiler and rod by heat will therefore have the effect of causing the boiler to slide back on the rod 
v, and will cause the rod u to force the rod c, c, forwaid. The rod e, e, passss through a stuAng- 
boi at a' on the front of the boiler, and its end bears agaJDst a rod b\ which is attached b; a join^ 
pin to a short arm or stud c'. 

In the vertical section. Fig. ST2, the lever b' is seen as acting against a lever which operates on 
a valve «' that is connected to the stmm-pipe R by a smaller pipe />. When the expaiurion-rods 



tion. To oaiue 



the lefer d> to return with oartaiDl]' to ita place when the expftnaion-hw* conti*^ 
a. cord that paM«a over a pullej *\ The ftont of the runiue, it u to ba 



applied ti 



» weight j"" 

obaerved, is to ba bo atayed that the 

expttoaion of it and of the boiler ehall be 

towsrda the back. Montgomery aays, " Id- 

stead of carrying the steam from the ordinary 

■afetT-valve through the waate-eteam pipe 

W, W, as before mentioned, I aometimea adopt 

the arrangement of admitting a portion thereof 

by the action of the eipanaioti-roda. In this 

e«Be, in addition to the ««oending-tnbe 3', g', 

that giTM a poSBBge to the atenm that ia to 

cloae the damper P, I allow a tube g" to de- 
scend ttoat the chamber of the voire «' and to 

enter the aah-pit ; the portion of ateam that 

deaceoda through thia tube will ooHjperate 

with that which aacenda through the tube 9' 

in damping the 9re. The eipenaion-bara are 

to be made of any suitable compooitioii, and 

these, when the boiler ia of iron, are to be en- 
closed in tubea of iron, the expanaion of which 

will be the some with that of the boiler; 

when the Ixtiler ia of copper, the enclosing- 
tubes must be of that metal. By the encloa- 

iikg-tubea the eipanalon-bara are kept from 

the oontaot of moiature, and all galvanic action 
is thereby prevented. The operation of the 

expanaion-roda, nrhen arranged iu the manner 

deccribed, will be auch as to ensure the ope- 
rating of the whole amount of their expansion 

upon the apporatue by which the damping of 
the fire la to be efTected," 

Aa an inventor, Montgomery has but few 

equals. We therefore give another form of 
boiler invented by him about 1S59. This 
boiler is shown in Figs. 87*, 875, 870, 877. 
In part a front elevation. Fig. 874, and in nirt 
a vertical transverse section. Fig. 874. The 
parts shown in these four figures are referred 
to by numbere inatoad of by lettera. 

Fig. 875 ia a vortie«l longitudinal section ; 
Fig. 876 is a transverse aection of the upper 
put of the boiler, exhibiting a modification 
in the form of the omwn-plate ; Fig. 877 ia > 
longitudinal interior view of a segment of the 
oylindricol portion of the boiler, showing the 
form of passages communicating between 
the upper and lower portions. 45 represents 
the furnace, and 46 and 47 flues through 
which the products of combustion pass to 
the stack 48; 49 ia a corrugated plate ol 
metal, forming the crown of the furnace and the floor of the upper water-spae«; 50 is a bridffa, 
which serves to deflect the products of combuation upward, and receive the heat therefrom, which 
la imparted to the body of the water which it eimtaina ; 51 ore corrugated metallio plateo, forming 
a series of tubes of oblong, ellintieal, circular, or other section, between which the produoti <« 
combustion pass, and through which water circulates or flows upward by the effect of heaVto 
facilitate which tite said tubea are formed of increasing diameter towards their upper ends. The 
plates ore made of greater thickness at their lower parta to preserve them longer from the d»- 
atmctive eflTect of the deposit of aahea between them. 52 are the fire-doors, and 53, doora giving 
oocees to the fluea : 54 is a damper which, when open, afforda direct communication between the 
fumaoe and ataok to facilitate kindling the flre. The platea by which the corrugated tubas ore 
Hustained and connected at their enda may be either east or wrought metal. In the former caaa 
tha enda of the tubea ore flrst upeet ao as to form flanges, which mav be aeporated and turned to 
diflerent angles. The tubea are then placed in position in a suitable mould, and molten metal 
run upon their euda so aa to cement the whole flnnly together, or form means of oonnectiog tbem 
aa may ba desired. In order to fix the tubes in wrought metal platea, aperturea of the requimte 
aiie and ahape are first formed in the said platea imd the tulles inserted therein ; the enda of the 
tubas are then somewhat ezpcmded. and thimbles (56) inserted, which form internal supports, and 
raable the ends of the tubes to be upeet or caulked ao as to produce secure steam-tight joints 
between them and the oonnecting- platea (58). If preferred, the thimble may be replaced bj a 

. simple stay introduced between the opposite salient portions of the platea near their edges. The 
whole seat of oorragated platea forming the interiOT woter-spooes ia held in position by sorew 
bolt! (S9), which admit of the removd of the whole neat bodily for inapeotion, dauiniig, or 
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repsin, and the oannectine-plBte but, if dealred, be oonrtmoted in aeetiona connected in llks 
mumer so as to hofUtate Uie nme end. The ooirngfttioni in the metallio plats* are ■dTaDtageoni 
Id Kiring strength and rigfidltj to the stmctnre, and affording an inorBaaed extent of heatine- 
surface ; knd, when placed at right angles to the line of draught, present snr&cea aeainat wUoh fCa 
products of ocmbustion impinge with some force, nad thus temporari^ arrest thur progreM, ud 
oaiua them to part with more of their oonlaiued heat. Bj means of this •rrangemmit a large 
portion of the heat produced passes Immediatelj into the upper part of the water through the 




medium of the plate (19), and thus effects the generation of steam, the beat eTolved b; contact 
with the plates or tubes (SI) serviug to r«tse the temperatore of the water contained between 
.i__ __:, . ""ioiua a - - 



them, and to generate 



furnace crowns and plates as (49), the corragati 
at right angles to its aiis, in order to form opposi 
the stmctuie, which end is further acoompltsfaec 
towards the centre or crown of the plate than at 
Figs. 874 and 876. The orown-plate (49) exhibited 



a additioniS amount of steam. When employed for the formation of 



__ . preferred to run favosTsreely of the arch Ol 
; curree to add to the strength and rigidity of 
ij forming the corrugations of greater depUl 
near its sustained e^es or ends, as shown in 

__„_, .^ ._ J ,__, in Fig. 875 presents in its longitudinal section 

alfimote oormgationa of diflbrent siios surmounted by rertical rib* or lominn (60), which ie beliered 
to constitute an original form of plat^ posseesing greater strength in proportion to the weight of 
metal than any other known ; the riba (60) sJoo afford facility for the attachment of stays or 
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braces (61). In high-pressure boilers the oormgations in the plates (51) forming the internal 
water-tubes will also be rolled of increasing depth toward the centre to give them additional 
strength. For low-pressure boilers the plates (51) are formed with corrugations running 
horizontally as well as vertically, the effect of which is to avoid any injury bv contraction and 
expansion from changes of temperature, and also to afford increased heating-surface. In this case 
the tubes are made circular in the general form of their transverse section. 

The operation is as follows : — The products of combustion pass from the furnace (45) over the 
bridge (50), down the flue (46) to the diaphragm-plate (62), by which they are deflected hori- 
zontally between the corrugated tubes (51) to the end of the said plate (62), where they descend 
and are carried horizontally in the opposite direction between the lower ends of the tubes (51), 
and having thus been made'to part with a large proportion of their heat, pass upward through the 
side flues (47) to the stack (48), their course throughout being indicated by arrows a. By this 
means the plates composing the water-tubes are preserved from unequal vertical expansion in 
their front and rear portions respectively, and the corrugated form of the said plates prevents any 
injurious results from the greater horizontal expansion of the upper than that of the lower portion. 
Feed-water (see arrows 6) is introduced into the lower portion of the boiler through the port (63X 
and in accordance with the laws of rarefaction by heat a constant circulation is produced, the 
hottest portion of the water at all times passing to the upper region of the boiler immediately 
above the furnace, at which point the most intense heat is imparted from the furnace so as to 
produce there the chief generation of steam, which rises freely in the steam-space without pro- 
ducing any serious ebullition or disturbance of water to cause foaming. In the lower region of the 
boiler a constant circulation of water occurs up the tubes (51) and down the external water-wavs 
(65), any steam generated by contact with the upper ends of the tubes rising, together with the 
water with which it is mingled, through the passage (66), and " solid " water descending through 
the external passages (67) to take its place : it will thus be seen that the present arrangement 
causes the steam as fast as formed to rise with the water instead of through it, which results in 
the prevention of foaming and in keeping the water in close contact with the heating-surfaoes. 
The passages (67) communicate with the lower region of the boiler by long narrow ports (67*) 
running transversely of the boiler, as shown in Fig. 877, which produce no weakening effect, 
because their combined diameter longitudinally of the boiler is not greater than that of the rivet- 
holes necessary for connecting the plates. In Fig. 875 the damper (54) is sho¥m located at the 
bottom of the descending-flue (46), in order that when it is opened any accumulation of ashes may 
be discharged into the box beneath, from whence it is readily removable; the action of this 
damper also facilitates the kindling of the fire. 

In a paper, by Charles Wye Williams, printed in the * Trans, of Inst. N. A.,* on the 
** O)n8truction of Marine Steam Boilers," Williams says that it is highly desirable to raise a 
preliminary question, namely, how to realize the greatest caloriflc effect from the coal by 
generating the largest amount of heat; and it is only when this is effected, that we come, 
practically, to the application and utilization of that heat in the boiler, and thus to generating 
the largest quantity of steam. In speaking of the power by which the engine is made available, 
we rightly refer to the steam itself. So, when we speak of the amount of power exercised, we 
refer, practically, to the quantity of steam generated. We may here, then, discard the term 
pressure, so much commented on, because this, when rightly understood, represents but the mere 
quantity confined within the volume of the boiler. On what, then, does this quantity depend ? 
not, certainly, on the mere weight of coal consumed, since any weight may be so misappued or 
wasted under an inefficient boiler as to have little effect on the quantity of steam generated. In 
the generation of heat, the only ingredients are the fuel and the air. Their successful combination 
belongs to the proportions and appendages of the furnace, wholly apart from the boiler placed over 
it, the result depending solely on the perfection with which that combination is effected. Now, 
that combination, says Williams, is a purely chemical process, and is determined by the union of 
due equivalents of the air and fuel. The perfection of this process, however, be it ever so 
complete, has no fixed relation to the amount of steam generated. To speak, then, in the fashion 
of the day, of the evaporative value of any description of coal, is at once incorrect, delusive, and 
unmeaning. Strictly speaking, there is no such thing as an evaporative value in coal, although we 
can well understand its heat-generating or calorific value. The generation of heat is a wholly 
different thing from its application. The importance of this distinction has yet to be appreciated 
by practical engineers. As the generation of heat is the peculiar province of the furnace, or 
alembic, in which the combustible fuel and the atmospheric oxygen are to be combined, so the 
generation of steam is the province of the boiler, and to this latter belongs the degree of perfection 
with which that heat will be transmitted to the water, and steam thus produced. 

We have, then, two distinct processes or operations to consider : first, the generation of the 
heat ; and secondly, its application, involving the heat-transferring property of the boiler-plates 
as the direct cause of the generation of steam. To the confusion wnich has hitherto prevailed 
in reference to these distinct processes may be attributed the absence of attention to the propor- 
tions, conditions, and s^arate functions of the furnace and the boiler. The consequence of this 
confusion is, that a wrong direction continues to be given to the inquiries of even the most 
ingenious and practical men. While we have been endeavouring to ascertain the relative calorific 
(erroneously called the evaporative) values of different kinds of coal, we should have been con- 
sidering the relative heat-transmitting properties of the different kinds of boilers. Of this we 
have a notable instance in the late commission issued under the direction of the Admiralty, to 
inquire into the kind of coal best suited for steam-vessels of war, but in which no reference 
whatever was made to the peculiarities and imperfections of the boiler employed, and hence the 
unsatisfactorv character of the results, as will hereafter be shown. On this head we have also a 
report from the late H. De la Beche and Lyon Playfair on the so-called " evaporative power and 
value of the North of England and South Wales coal." This report assigns to the latter an 
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evaporative value, which is pnrely theoretical, and altogether erroneous and misleading. In it 
we detect the grave error of confounding calorific with eoaporative power, which are there assumed 
to he identicaL 

In considering the calorific value of any description of coal, we cannot omit estimating that 
waste of its constituents which goes to the production of smoke, and the deposit of soot, with its 
non-conducting property, but which forms no part in a theoretic estimate of its calorific properties. 
On this point K. Murray has ofiered some remarks which here demand attention. '*^wever 
desirable it may be," observes Murray, ** in other respects, to * bum smoke, ' by admitting air into 
the furnace above the bars, this is not always found to be an economical process." It is to be 
regretted that he has ofiered no evidence in justification of this statement, which, says Williams, 
I hold to be the very reverse of fact. I can at any time show a boiler in daily work, in which, not 
only the full calorific value of each description of coal may be ascertained, but in which the 
economy of combustion with, and without, smoke, is indicated with the greatest certainty. 
Again, Murrav in his paper observes, " the burning of smoke, as it is called, by artificial methods, 
has not proved very successful in economizing fuel ; but that, by proper firing, and by admitting a 
little air through the doors, black smoke may be prevented from being formed, and more economy 
would in that way be realized than by using artificial means for burning the smoke." In 
making these assertions, Murray should have supplied some information as to what he means by 
the term ** artificial ; " what it is that he characterizes as *^ proper firing ; " and what is meant by 
^a little air." Murray, observed Williams, must have been looking at some of the scores of 
patents, ingeniously varied and elaborated as mere commercial speculations, for effecting, by 
costly apparatus, the ** burning of smoke ; " and which may truly be called " artificial," including 
the most absurd of all, the heating of the air. But if he will refer to the Newcastle experiments 
he will find, not only that smoke may be prevented, but that a considerable economy may at 
the same time be uniformly realized. As to the term artificial, if that be applied to the method 
of introducing atmospheric air, in divided streams, into the furnace, a system which — in continua- 
tion Williams goes on to say — I have employed for many years with very great advantage, I can 
only say that Murray may with equal propriety characterize as artificial the method of allowing 
water to issue through tne perforations in the rose of the common watering-pot, instead of its 
passing in an undivided stream, as when the rose is removed. This action of the rose is identical 
with the mode recommended for bringing the air, in divided portions, to the gas in the furnace, 
for the purpose of a more rapid intermixture. As to admitting a little air, it would appear that 
the author alludes to the common practice among stokers of opening the doors to a small extent. 
It ought to be remembered, however — what every chemical authority states — that the 10,000 
cub. ft. of gas generated from a ton of Newcastle coal, absolutely require for their combustion no 
less than ifoo,^ cub. ft. of atmospheric air, and practically, as Daniel observed, reauire fully 
double that quantity for the ordinary working of a furnace ; and this independently of^tne 200,000 
cub. ft. required for the coke or fixed portion of the same ton weight, and which must pass up 
from the ash-pit. The following proof of inattention to these large quantities may here be men- 
tioned. In a large steamer with great power, a difficulty was experienced in raising the required 
quantity of steam, and the continued oischajrge of the densest smoke (where the engineer had 
undertaken that there should be none) caused great annoyance. The remedy adopted was the 
passing of one of the 2}-in. tubes through the smoke-box into the stoke-room, and thus allowing 
the air to pass through it to the gases before entering the tubes I It need only be observed that 
it had no more effect than if the nozzle of a common hand-bellows had been applied. To speak, 
then, of allowing a little air to enter by the doors, seems likely to mislead, where such large 
quantities of air are chemically essential to the process. Williams further asks, Where else, then, 
above the fuel, that is, in the chamber of the furnace (as in the retorts in the gas-works), can the 
combustible gas be met with, or where else can this enormous quantity of air be required to effect 
the necessary union and combustion, without which the full c»loriflo and economic value of the 
coal cannot be realized? 

In great operations like these, there can be no advantage in neglecting or counteracting the 
demanos of nature, or in checking the opeiration of nature's laws. All admit that gas is generated 
from coal, on its being heated ; that atmospheric air is essential for the combustion of that gas, and 
that the two must be intermixed for chemical combustion ; yet we violently interfere by allowing 
neither time nor space for these operations, and in most cases absolutely prohibit the introduction 
of any air at all, by the interposition of closely-fitting doors I What, then, can we expect but imper- 
fection in the process and the most unsatisfactory results I Is it not, in truth, worse than stupidity 
or folly to neglect the conditions and means by which alone the constituents of the fuel can be 
enabled to unite, and combustion be effected, or the full calorific value of the coal be realized ? 

On one occasion which came within my own notice, and where the door-plate box had been 
fitted with the proper number of orifices, the engineer observed that my own plan had been adopted. 
In reply, I asked if he had ascertained that any, even the smallest quantity of air had passed in 
through the 300 }-in. orifices. The orifices were duly provided, and it was assumed, as a matter 
of course, that the air would enter through them. On investigation, however, it was found that 
no air whatever had passed inwaids through those holes. The furnace-bars being 7 ft. long, and 
the chamber so shallow that the fuel actually touched the crown of the furnace, the back ^ids of 
the bars were necessarily uncovered, and the volume of air which there entered was so great that the 
space over the bridge was insufficient for its passage, and consequently, instead of any air passing 
inwards through the perforated door-plate, much of the air and products of combustion (the flame 
included) actually went the wrong way, returning, and forcing the flame against the door-plate, 
and outwards through the holes, so as to destroy the door, producing what is known by the term 
" back-draught." , 

Williams, in continuing this argument, remarks that Murray has stated that not only is 
economy not effected by admitting air into the furnace above the bars, but "considerable caution 



i* neccuBftry for the due r^ulalion of the qiuuitity of Kit tkiu admitted through the in-doon." 
To these slateniBnti, mja Williams, I can in no wav aagent. The following pnoti may at *ny 
time be tested by Uurrgi; in my own Furnace and boiler, wliich are freely need by the ocnl-owDen 
of Laucaahire and other oouaties fur teuting the calorific values of their aeTeral coala, aa before 
shown. Throughout Uie following experiment* the aama coal was used. In No, 1, the air was 
freely admitted through 312 )-in. holes in the door-box, as was done at Nefrcastle, no oantiui 
whatever being necessary. lu No. 2, these oriflces were closed, and the door' was the oidinarj WW 
a* generally lued. 




With reterenee to the absence of economy on the Mie hand, and the " ooniidetable c*atioa " 
required on the other, 1 here quote, in further oppositiou to both assertions, the words of the thioa 
professional umpires at Newcastle— Armstrong, Richardson, and Lougridge — on the point oj 
admittins the air at the door-end of the furnaces. lu their ]iublished reports they e»y, as to tteun 
generated, " there was a large increase above the standard in every respect." Again, " The pre- 
vention of smoke was, wo may say, practically perfect." Again, "No particular attention waa 
required from the stoker; in this respect, the system leaves notliing to deuire." 

"The resalts show a large increase above the standard iu tvery respect. The preveutioD of 
smoke was, we may say, practically perfect, whether the fuel burned was 15 lbs. or 27 lbs. p«r 
sq. ft. per hour. Indeed, io one experiment we burned the extraordinary quantity of 37) Iba. of 
coal per sq. ft. per hour upon a giate of 15) sq, ft,, giving a rate of evaporation of 5^ cub. ft of 
water per hour per sq. ft. of flre-grate, without producing smoke. No particolar attention wta 
leqoired from the stoker ; in fact, in this respect tbe system leaves nothing to deeire, and the aotnal 
labour is even less than that of the ordinary mode of firing." — Jtrport on V/Uliam»'t Syttaa. 

" Ur. Williams's system is applicable to all descriptions of marine boilers, and its extreme aiin- 
plicity is a great point in its favour." — Btport of Arnatnmg, Jtichardaoti, and Ltmgridgf. 

In further corroboration of these returns, we have also the authority of the two professiaiial 
gsotlemen, Uiller and Taplin, deputed by tbe Admiralty to i«port on " the evaporative power and 
eoonomio value of tbe Hartley coal and Welsh steam-coal.'' In their report they state that they 
inspected a modification of my plan for the admission of air Into the furnace, and found the pre- 
vention of smoke to be almost perfect. Also, that on the 3rd of August they inspected tbe apparatiu 
in the ' Expert,' steam-tug, and, " as they were on board for several hours, they bad every oppor- 
tunity of seeing the effect of making and preventing smoke ; and although there was no very cusful 
stoking, yet the prevention of smoke was ulrnoat perfivt" 

Having explained the necessity of considering tlie caloriflc or heat-generating property of the 
coal, apart from the steam-generative property of the boiler, Williams next examines thelattei in 
reference to its beat^bsorbing fhcntty. 

In coming to consider more closely the heating-surface of the tubular system. Wye Witliama 
observed, I would first insist npon the importance of increasing the efficiency, rather than tbo 
mere gross area, of such surface. This should be the first consideration. The area of sorfaoe in 
the boilers of the present day is already greater than would be necessary were it more efficient as 
a beat-transmitter. Numerous instances indee<l 

might here bo given of a very large reduction of *"■ 

the surface having been made by the removal of ' 
many tubes without any appreciable result. I have 
even known boilers to be improved by havinc 
several tubes removed and the tube-plate patched 
over the places from which they were taken out. 
Tbe accompanying drawing. Fig. 87S, of the fsce- 

tilate of the Holyhead steamer, the 'Anglia,' 
llustrates a case of this kind. The qncstion of 
efficiency, as contrasted with mere area of beating- 
surface, is by far tbe most important, although, 
strange to say, it is tbe most neglected. In Ibis 
direction alone may we expect the greatest mea- 
anre of improvement of which boilers ore suscepti- 
ble. The evil of an insufficiency of steam, iiol- 
witbstandiug an ample area of so-called heatin;^- 
surface, at once raises the question as to Ibo 
demerits of the tubular system. Tbe prevailing 
type of modem bailers, whether for railroads or for 
steam navigation, is characterized as the loultitii- 
bular boiler. In tbe moltilubular system tlie heated products pass from the furnace through a 
series of metallic tubes, varying from 6 to 10 ft. in longtli, and from IJ to 3 iu. in diameter. The 
avowed object of this subdivision is to incroaso tbo aggregate of surface to which the heat is 
applied. This system of subdivision of tbe heated malU-r is, however, prtjudieial both in a 
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chemical and mechanical point of view, by attenuating its effect. This type of boiler being 
now 80 general, an inquiry into its orig^ is not only necessary in explanation of its adoption, 
but as a means of tracing and correcting the error into which we haye fallen. 

The tubular system was first adopted by George Stephenson in the locomotiye, the ' Booket,' 
by which, in 1830, he won the prize of 5002. on the llanchester and Liverpool Railway. The use 
of tubes in the *■ Bocket,' at the suggestion of Henry Booth, the treasurer and most influential 
member of the company, was then accompanied, and for the first time, be it observed, with the 
passing of the waste steam from the cylinders through the chimney. The result of this combina- 
tion of tubes and artificial draught was so successful and so unexpected as at once to be considered 
conclusive, and to leave no room for doubt or inquiry. The steiam-jet in the chimney created, in 
fact, so powerful a draught as to secure an adequate combustion of the fuel, with the generation 
of a corresponding sufficiency of heat, while the tubes, by reason of the large surface they pre- 
sented, were assumed to supply the other desideratum — the application of that heat in the 
generation of steam. Had, however, the two principles been separately applied and examined, 
and estimated according to their relative and respective merits — which never was done — it woula 
have been found that nearly the whole of the favourable result obtained was really owinf to the 
steam chimney-jet. and the powerful draught it occasioned. The value of the combined action 
of the jet and of tne tubes, however, was taken for granted, and has since been considered the 
perfection of efficiency. 

The value of the steam-jet, and of the increased draught it occasions in locomotives, has been 
too well established to require any remarks ; I will (continues Williams) therefore confine myself 
to the use of the tubes. It is manifest that the main difficulty under which engineers labour, as 
regards marine boilers, consists in providing adequate heat-transmitting surface. This difficulty 
early suggested itself to the elder Stephenson. Smiles, in, his biography, tells us that hu 
son, the late lunented Bobert Stephenson, observed, ** Other engines with a variety of construc- 
tions were made, all having in view the Increase of the heating-surface, as it became obvious to 
my father that the speed of the engine could not be increased without increasing the evaporative 
power of the boiler.' This inference was strictiy correct ; his error (hitherto unexamined and 
uncorrected) lay in the hasty and inconsiderately-formed assumption that an increase in the 
evaporative or steam-generative power would necessarily be secured by an increase in the tubular 
surface. This error, therefore, naturally led him to an extension, not only of the number of the 
tub^ but to give them the lei^gth of even 13 ft. So fully was Booert Stephenson impressed with 
the idea, that he observed, ** The power of generating steam was prodigiously increased by the 
addition of the multitubular system.** That this inference was erroneous, is clear from the fact 
that the * Bocket * had but twenty-five tubes of 3 in. in diameter and 6 ft. long, and the entire 
tubular surface had but the insignificant aggregate of 117} sq. ft. — an amount of surface which 
would excite the smile of modem eng^eers at the idea of its *' prodigiously increasing" the 
generation of steam. The insufficiency of so small an amount of surface to produce anv notice- 
able effect was subsequently demonstrated by the fact that in the Newcastle boiler (to which was 
applied the apparatus to which the prize of 5002. was awarded) an addition of forty tubes with a 
surface of 320 sq. ft., and placed under the most favourable circumstances for transmitting heat, 
had but little effect, and could only extract 45° out of 600° — the temperature of the heatra pro- 
ducts passing through the tubes. *' The heater, which was used for the purpose of heating the 
feed-water, slightiy increased the evaporative effect by its additional absorbing surface. This 
increase was, however, much less than might have been expected from the large Absorbing surface 
of the heater, which contained 820 sq. ft. ; yet it was found that, when the products of combustion 
before entering the heater were at 600°, the passage through it did not reduce the temperature 
more than 40° to 50^." — Report of Armstrong^ Richardaon, and Longridge. It seems strange that 
this fact, so suggestive, and so prominently noticed and recorded, did not lead to further mquiry 
as to the cause of the manifest insufficiency of the heat-transmitting power of the tubular sunace ; 
nevertheless, this oomlnnaHoH of the tube-surface system with the jet remains still unquestioned. 
**The superiority of the arrangement adopted in the 'Bocket.'" observes Smiles, ^consisted 
in the rapidity of combustion in the fire-box keeping^ pace with tne rapidity of motion in the loco- 
motive itself; for, according as the strokes of the puton in the cylinder were fast or slow, so were 
also the jets of steam thrown into the chimney on which depended the draught of heated air 
through the tubes of the boiler, and consequently " (a manifest non-seq^uitur) ** the amount of steam 
generated from the toater exposed to the large extent of heating-surface which they presented." Here 
we see no indication of doubt as to the action of the tubular surface, which is set down as the un- 

auestioned source of the generated steam. The trial with the * Bocket ' took place in 1830, and 
le supposed steam-generating value of tubcHBurface remains unquestioned to this day. 
"It was not until some years after, when the tubular system was introduced into marine 
boilers, that I," adds Wye Williams, ** began to entertain anv doubts as to its merits. Aware of 
some experiments having been made on the Manchester and Liverpool Bailway, I applied early 
in 1858 to Dewrance, then chief engineer to that railway, and here nve his reply to my inquiry. 
He said : — *In reply to your inquiries as to the experiments made by myself and Woods, about 
the year 1842, as to the evaporative effect of the tube portion of a locomotive boiler, I have to say 
that we had one of the boilers employed on the Liverpool and Manchester line divided, so as to 
separate the water in the tubular portion of the boiler from that in connection with the fire-box 
portion. In a subsequent experiment, I divided a small boiler into six different compartments, so 
that I could ascertain the weight of water evaporated in each. The first compartment was out 
6 in. long, the remaining five were each 12 in. — the tubes being 6 ft. 6 in. long. The result was, 
that each square foot of the heat-absorbing surface in the first compartment was about equal to a 
square foot of the fire-box surface. In the second compliment each s(|uare foot of tubular surface 
was estimated at about one-third of that value ; but in the remaining four compartments tiie 
evaporation was so small as to raise a doubt on my mind whether it had any value at all. In fact, 
I came to the conclusion that the first 6 in. of the tubular series had more evaporative effect than 
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the remaining 60 in.' Here was ample encouragement for further inquiry, the heat-transmitting 
property of the tubular surface being so seriously impugned. A similar experiment had been 
made by the late Benjamin Hick, of Bolton, a com- 

Eetent and able experimenter. The conclusion that 
e came to was, that each 10 ft. of tube-surface had 
only the heat-transmitting power of 1 ft. of furnace- 
surface. My own experience goes far in corrobora- 
tion of these data, as will presently be seen." 

To exemplify these facts, Williams had a boiler 
80 constructed that the heat-transmitting value of 
each lineal foot of tube should be indicated with 
absolute certainty. The tube was 3| in. diameter, 
similar to those in the * Eblana ' steamer. It was 
5 ft. long, and divided into six compartments or 
separate boilers, as shown in the annexed engra- 
ving. Observing that the boiling, which was violent, always appeared to come exdarivelr 
from the end next the plate in which the tubes were inserted, the first compartment was confined 
to a single inch of the tube, the second to 10 in., and the remaining four compartments, each to 
12 in. The following is the result after three hours : — 




First Gompart- 

ment, of l inch, 

evaporated. 



Ibt. OK. 
2 14 



Second, of 
10 inches. 



lbs. ox. 
2 15 



Third, of 
12 incbea. 



lb. OS. 
1 14 



Fourth, of 
12 inches. 



lb. OS. 
1 6 



Fifth, of 
12 inches. 



Sixth, of 
12 inches. 



lb. OS. 
1 2 



lb. OS. 
1 1 



Here we see the first single inch of the tube evaporated nearly as much as the adjoining 10 in^ 
while the first 11 in. did more than the remaining 48 in. 

Desiring to place this beyond all question, and thinking that objection might be made to the 
results obtained from a single-tube boiler, Williams subsequently had a boiler constructed with 
twenty-five tubes — the exact number of the ^ Rocket ' boiler — 6 ft. long, and 2^ in. internal diameter. 
This boiler he divided into three compartments, by water-tight partitions placed 1 ft. from either 
end, thus leaving a central compartment 4 ft. long. Having connected this boiler with a suitable 
furnace, he found that the water in the first compartment, which received all the heat transmitted 
through the tube-plate, boiled in twenty-three minutes from the time of lighting the fires ; that in 
the second compartment it took forty-eight minutes to boil ; and that in the last compartment it did 
not boil until fifty-nine minutes had elapsed. During three hours of uniform firing, the following 
results were obtained. In the first compartment, a foot long, 240 lbs. of water were evaporated ; 
in the second compartment an average of only 70 lbs. of water for each foot of length was 
eTB.|K>rated ; and in the last compartment, a foot long, only 50 lbs. of water were evaporated. 

Having thus established the fact of the great evaporative efilciency of the first compartment 
of the tube, and especially of the first inch, in length, practically that of the pace-platb, 
and the comparative inefficiency of the remaining 5 ft., it became necessary to examine 
the cause of this extraordinary result, to find out how it happened that a stream of heated 
products at a temperature above 600° passing continuously for three hours through the tube, was 
incapable of transmitting more heat to the last 12 in. of its length than could keep the tempe- 
rature of the water at 180°. In the fact that it was so, we at once see the inutility of increasing 
the length of the tube. Let us first examine the area of heating-surface in a few vessels of the 
largest class. The published authoritative account of the American iron-clad floating battery, by 
Mr. Stevens, gives the following details :— 

sq.ft. 

Tube-surface 23,380 

Furnaces 2,050 

Connexions 1,890 

Tube-sheets 680 

Total 28,000 

Here the gross area of tube-surface is estimated in the same category with that of the furnace- 
surface. Now, in taking the true value of tube-surface as stated by Dewrance, or Hick, these 
nominal 23,800 sq. ft. would be at once reduced to 2380 ; and this most probably is not far from 
the truth. Again, take the tube-surface of the late Bruners boilers in the * Great Eastern' 
(which are constructed on the same principle as the original boilers of H.M.S. * Terrible *) for each 
set of twenty-four furnaces (there being 112 in all) at 6000, and of furnace-plate at 3000 sq. ft. — 
say 28,000 ft. of tube-surface in all — and then see what a serious, though unsuspected reduction 
should be made in reducing those 28,000 ft. nominal, to efiective heat-transmitting surface. 
Under such circumstances we cannot doubt the imperious necessity of the furnace-forcing system. 
Again, let us examine the tube and furnace surface of one of the Holyhead steam-packets of 750 
nominal horse-power : — 

Tube-surface in eight boilers, with 40 furnaces, in square feet .. .. 15,600 

Furnace ditto 1,960 

Back, side, and top of uptake 1,108 

Tube-plates between the tubes 316 

Total 18,984 
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We here see again liow much larger in proportion is this nominal ft(6e-6nrface than tiiat of the 
/umuce, and how much more serious is any default in its efficiency, there being in this case 20f 
superficial feet of tube-surface per nominal horse-power. In these boilers the tubes are 6 ft. 2 in. 
long, and but 2^ in. diameter. 

Again, we have the iron-clad steam-vessel, the * Warrior,* the type of whose boilers, according 
to the published accounts, is identical with that of the Holyheaa steam-packets, but with both 
tubes and grate-bars 6 in. longer. In this vessel there are no less than 4400 brass tubes of 6 ft. 
6 in. long by 2f in. inside diameter. In the new war-vessel, the * Octavia,* we have the same 
identical type of boiler, and excess of tube-surface. 

In opposition to all this, Williams stated that in one of the most efficient boilers, as regards the 
sufficiency of steam, in the fleet of the City of Dublin Company, the tubes are but 3 ft. long, and 
the relative proportion of tube-surface to flue-surface is but as 2^ to 6^ the nominal horse- 
power. Th9 contrast is most remarkable. The merit of that boiler doubtless arises from the 
circumstance, that the shortness of the tubes leaves a large chamber for the combustion of the 
gases to complete itself in before the products approach the tubes. 

Now, how are we to account for the fact that the several designers of the boilers before spoken 
of have adopted almost identically the same description of boUer, with the same objectionable 
features ? At first sight, it would appear that all had been convinced of its practical superiority. 
This would be a reasonable inference had it been the result of well-established experience. No 
experiments, however, having been made for testing the heat-transmitting power of tube-surface, 
apart from other considerations, we have no alternative but that of attributing this singular 
coincidence to the desire of avoiding that responsibility which would attach to any great deviation 
from existing practice. Here, however, we have, in all, the same objectionable length of furnace- 
grates — the same absence of all means of admitting air to the generated gases — the same want of 
space between the fuel and the tube-face plates — and the same absence of a combustion-chamber, 
although all improved locomotive engineers are studious in providing such means of promoting 
the use of coal on the railroads. 

The great error into which we have fallen, in the absence of experiment, is an over-estimation 
of the heat-transmitting property of the tube-surface. In our calculation of the steam-generative 
power of the boiler, we assume it to be always proportional to the number of square feet of the 
surface exposed. Now, this calculation is made without reference either to the rapidity with 
which the current of heated products passes through the tubes — to the diminishing rate at which 
the tubes transmit heat in proportion to their length— or, worst of all, to the dir^ion in which 
these products strike or impinge upon the tube-surface. If it were true that each square foot of 
metallic surface really possessed a given or known amount of heat absorbing and transmitting 
power, whatever that might be, an increased number of square feet would necessarilv represent a 
commensurate increase of the steam-generative power. The real value of the so-called heating- 
surface, however, depends on so many contingencies, that calculations based on the mere gross 
area of surface expoiied must be utterly vidueless. We have here, then, the important question 
raised,— What value are we to attribute to such surfaces? The single fact of the very hiffh 
temperature of the escaping products in the chimneys of marine boilers, is alone conclusive of the 
deficient heat-transmitting faculty of the surface of the tubes. Our purpose, then, should be, not 
to increase the number or length of the tubes, or the som of their surface-areas ; but to render 
these surfaces more effective as heat-transmitters. In manifest negleot of this purpose, we find in 
the boilers of the most recent construction, and even in war-vessels, Uie greatest nossinle number 
of tubes, and of the greatest length, crowded together without regard even to the water-spaces 
between them, which are often restricted to but half-an-inch. The result is, that in the absence 
of sufficient water-spaces, particularly at the end where the heat first strikes the face-plate, the 
tube-ends are exposed to the greatest heat, and they soon begin to weep ; the face-plate itself 
begins to crack, and the space where the water should have the freest circulation becomes choked 
up with the solid matter of incrustation. Samples of this matter here exhibited afibrd sufficient 
proof of the fact. 

Wye Williams remarks that, in a recent publication, we are told that " marine boilers require 
5 sq. ft. of heating-surface, and one-fifth of a square foot of fire-grate surface for every indicated 
horse-power.*' Here is a calculation supposed to be based upon some reliable data ; we shall see, 
however, that all such calculations are but as the ^* baseless fabric of a vision.** It may be asked, 
indeed, if the writer had ever inquired what the value of a square foot of heating-surface, or of 
tire-grate surface, really was ? Yet, from the affected precision of the author in other respects, 
we might be led to suppose that both had been reduced to some standard, or in fact were constants. 
Nothing, however, can practically be more vague and misleading. The value of a square foot of 
^e-yrate surface, for instance, will depend: first, on the nature of the coal as bituminous or 
otherwise; second, on the quantity of gas it produces; and third, on the amount of draught 
passing through the furnace from the ash-pit. On the other hana, the value of a square foot 
of A^ra^in^-surface will depend mainly on the direction in which the current of heated products 
obtains contact with the metallic surface. This last, though the main element of success, yet, 
strange to say, is the very one which is not only overlooked, out absolutely ignored in all modem 
practice. 

Of the practical errors committed in the mode of estimating the steam-generative value of 
the tube-surfaces, we have an instance in a recent publication professing to give the results of the 
most improved systems, where it is stated, as a leading principle, that direct impact with the heat- 
absorbing surfaces should be avoided. That this is a prevailing error is confirmed by Robert 
Murray, who, in one of his publications, has laid it down as a principle, that ^^elbovos are to be 
avoided ;** in other words, that the current of heated matter passing through fines or tubes should 
not be broken, bent, or interrupted, or the straight line of their course disturbed. Now, said 
Williams, in the paper from which this extract is taken,. I am prepared to prove, on the contrary. 
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that the direct reverse of this instruction is essential to success ; and upon this I insist. If the 
author had said, that the direct impact of flame should be avoided, with the view of preventing 
the formation of smoke and soot, he would have stated a correct chemical fact. Direct impact 
of the heated products, after the combustion of the carbon of the flame, is, however, precuely 
what should be promoted. Practically, it will be shown that the absence of direct impact is the 
main source of inefficiency of modem tubular boilers, and the cause of that great escaoe of heat 
by which the uptake and chimneys of marine boilers are so over-heated and destroyea. And in 
this respect, I hesitate not to say that the multitubular system is largely and radiosdly deficient 
in the heat-transmitting faculty. The main point, then, for consideration Ib, how to make any 
given surface more effective as a heat-transmitter, and what are the conditions on which the 
transmission of heat depends. This, cateria paribus^ as regards the rate of current of the heated 
products, will depend on the direction in which those products are brought into contact with the 
plate or tube-surface— whether by a direct, diagonal, or parallel action. On this point it may be 
stated, as the result of actual observation and experiment, that a square foot of surface on which 
the heated current strikes with a direct impact (that is, at right angles to the surface) will be 
equal to 4 ft. where the direction is diagonal, and to double that where the current runs parallel* 
or in the same plane as the metallic surface. In estimating the action of a heated current 
passing through tubes, we ordinarily overlook the fact that gaseous matter (that is, the products 
after combustion), whatever may be its temperature, radiat^ but little, if any, heat. BadiatioH 
can alone proceed from solid matter. It is this which enables visible flame to radiate so power- 
fully ; visiole flame being merely an aggregate of myriads of solid carbon atoms, still unconsumedf 
and at a white heat, or, as estimated by Davy, at 800(P. Now, the products of flame, after 
combustion, and when passing through the tubes, are transparent, and transmit little or no heat 
by radiation. It is by their contact idone with the metallic surface that heat is conmiunicated 
and transmitted. 

Again : that but little heat is transmitted when smoke is formed in a flue or tube, Williams 
goes on to say, I have repeatedly proved, by the introduction, through the smoke-box, and into the 
tubes, of an iron rod, to the end of which were attached pieces of paper and shavings. After 
remaining some time, they have been withdrawn, yet, although their outsides have been covered 
with black soot, their insidee have not even been discoloured by heat. When, therefore, we see a 
volume of smoke issuing from the chimney, we may be assured that the tubes are full of it, and 
that the temperature within them is not much greater than the hand could bear. 

Let us now suppose a column of heated products entering and passing through a tube, as a 
cylindrical shot does through a cannon. Oontact is then alone obtained between ue outside eeo- 
tion of such column and uie metallic surface. This section having given out as much heat as 
possible in the fraction of a second (the time which its transit occupies), the interior portion of 
such column passes onwards undisturbed, carrying its initial temperature to the exit. In no 
other way can we account for a column of products above 600^ of temperature, passing continuously, 
and for hours, through and along the interior surface of a tube, and yet giving out no more heat 
than can keep the water at 18(P. 

Let Fig. 880 represent a longitudinal section. Fig. 881 a cross-section at the entrance, and 
Fig. 882 a similar section at the exit of a tube. The several lines are here supposed to represent 
the sections or strata of the heated products passing through it, entering at a temperature of 700^, 
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and issuing at 540°. In this case, the outer section, being next, and in contact with, the iron-tube 
surface, will give out heat, and be reduced, say to S00°, on arriving at the end of the tube. But 
what is to cause any interchange of position between it and the other strata ? 

To sum up the objectionable features of the tubular system — as exhibited, for example, in the 
accompanying diagram. Fig. 883, which represents a boiler of the modem type, as fltted in a large 
packet belonging to the City of Dublin St^m Packet Company — they consist : Ist. Li an extreme 
length of flre-bar surface, often amounting to above 7 ft., a length which absolutely precludes the 
possibility of a stoker keeping the back-end sufficiently covert by fuel. 2nd. In long shallow 
furnace-chambers, in which the solid fuel on the bars necessarily occupies the entire space, reach- 
ing to the very crown-plates, as shown in the diagram — an arrangement by which neither time nor 
space is allowed for that gradual mixing and diffusion of the air with the gas generated from the 
mass of fuel, which are the sine qua non of perfect combustion : in this respect we have the ordinary 
practice directly opposed to the sound conditions stated by Mr. Murray, when he describes the 
value and necessity of " lar^ and high furnaces.** 3rd. In the absence of due provision for the 
admission of the air either in suitable quantity, proportioned to the large evolution of gas, or in a 
manner adapted to its admixture and diffusion with the gas. 4th. In long and shallow ash-pits, by 
which the air, instead of gradually ascending through the bars from front to rear, ib forced into a 
rapid current towards the farther end, where it is forced upwards with increased velocity, through 
the fuel on the farther ends of the bars, with the force of an artificial blast, causing a rapid com- 
bustion in that quarter, and thus leaving the bars uncovered, and the air free to pass upwards in 
a mass. 5th. In the absence of provision for the admission of a supplementary quantity of air 
behind the bridge. It is evident that where the furnace is long and shallow, as in Fig. 883, fhe 
fuel considerable, and the gas evolved necessarily great in quantity, any air that could possibly be 
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introduced at the door end must be wholly inanfficient for the combuBtion of that gas. In snoh oaaes, 
the required quantity of air must be supplemented from the ash-pit and behind the bridee. The 
engraving, Fie. 884, shows the mode in which this was effected, and the air introduced through a 
series of f-in. holes in one of the City of Dublin steam-packets, and with decided success. The 

883. 884. 





cost of the apparatus was too insignificant to merit attention. 6th. In the want of sufficient space 
between the bridge and tubes, as a chamber in which the necessary admixture of the air ana the 
gas may be effected for combuistion. Experience proves that, whatever may be the construction of 
ike furnace or the boiler, a distance of from 6 to 8 ft. is absolutely necessary for that purpose. Li 
this respect, boilers on the nlan of the * Great Eastern's ' are peculiarly objectionable^ no space 
whatever being allowed for the combustion of the large volume of gas generated from each of two 
long furnaces, which meet at the middle, and practically form one furnace of 18 ft. in length. The 
result LB that much of the gas passes unignited and unoonsumed through the tubes, to m ignited 
at the wrong end, and in the smoke-box, where it meets with a supply of air coming from those 
other furnaces in which the fuel at the time happens to be in a clear state, and their bars to a great 
extent uncovered. 7th. In an unnecessary and injurious length of tube, which is but slightly 
instrumental in producing steam, as will hereafter be shown, while it occupies a large space, much 
of which might have been appropriated as a chamber for the combustion of the gas, as is done in 
the most approved locomotives. 8th. In the absence of sufficient space for the presence and circu- 
lation of the water between the tubes, and especially at the end nearest the face-plate, against^ 
which the flame strikes with peculiar energy. In this respect, the marine tubular boiler labours 
under a serious dicMidvantage uom which the locomotive is exempt. In the latter, the space occu- 
pied by the tubes and the furnace compartment is separate, the steam generated from each having 
its own proper place for its ascent, la the marine ooiler, however, the tube series being placed 
directly over the ftimaces, the great mass of steam generated directly from the latter has to work 
its way in its ascent through spaces which are not above i or f of an inch between the tubes. 
The result ia that the tubes are surroimded by the mass of steam rising from the furnaces, and 
which practically drives the water before it, leaving the tubes without any. In this respect, the 
system is again directly the reverse of that very properly insisted on bv Robert Murray, wh^i he 
says, *'that the steam should have a ready escape from every part of the heated surface." In 
the marine boiler we see that, instead of a ready escape, it has the greatest mechanical obstruc- 
tions to contend with. 

I must be allowed here to remark that the evils which I have pointed out are not peculiar to 
the boilers of any particular vessel, or set of vessels, but are to be found, on the contrary, in many 
at the finest and best ships in existence, including the * Warrior ' and * Octavia ' men-of-war, the 
ftist Holyhead packets, and many other first-class vessels. It is not, then, to be wondered at that 
the coals most in favour are not those which would give the greatest calorific effect, if duly con- 
sumed, but such as would avoid the issue of dense smoke, and thus give the appearance of 
economy. It will be presently shown that the absence of smoke, in some descriptions of Welsh 
coal, is no proof of greater heating powers, or of a more economic fuel. 

Looking, tiiien, at the comparative inefficiency of the tubes, as steam generators, with the 
exception St the first 12 or 18 in. (which includes the action of the face'plates\ and looking alsa 
to their peculiar position, we see them in the very place which, meciianically and chemicaUy, is 
most appropriate for the combining action of the gas and the air — in a word, for a combustion- 
chamber. There appears, then, no alternative but that of dispensing with the use altogether of 
long stndght tubes or fines. In truth, we cannot separate the existence of straight tubes from 
the vice of having the current of heated products passing in the same plane and direction as the 
furfkoe through which the heat is to be tnnsmitted. In this abandonment of the straight-tube 
system, it must be confossed that there are commeroial difficulties which, it may be feared, will 
materially rete^ this useful change. On discussing the subject with a well-known engineer, and 
showing him, practically, the inutility of the tube-surface, particularly where long tub^ are used, 
Williams continued to say, I was struck with the difficulty of obtaining his assent, while all 
other witnesses expressed Uieir entiro conviction in what they saw produced in the experimental 
boiler. On bis departuro, however, the mystery was solved, and my surprise at an end, when I 
WM informed that he was largely connected in Birmi n gham, and even with a patent for an 
impsoyed mode of welding them. It was thus manifiBst that personal interest was directly 
e p pos ed to diange, oonyiistion, or improvement. I may here add that I understand several engine 
a^ boQer makers are in the same position^ and have largely invested capital in the manufaetoie 
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of tubes. This, wbile it acoonnta foi the ditflcult}' in the vsy of improTin^; oar boiler s^stenn, 
increaseg the fear of ita requiring a lengthened period before the necesHary change and impn)v«- 
ment shall be realized. 

Under these citcumatancoe, I maj perhaps be permiltcd to aug^est that the Admiralty, who 
can have no personal intoreitt in the manufacture of tubea, have it !□ their power to do the pabljc 
a meet easential service by inatituting iDquiries into those practical defects of the tubular Bystem 
to which I have dravm attention, and by lending their high iaBuenoe to remedial changes. It 
would be a great stimulation to the progresa of marine engineering if they would do this, and would, 
at the same time, institute more oomjilete and aatisfactory teats of thuir iiteatu-shiuB, Either in 
place of, or in addition to, the ordeal of the measured mile, let them inatitute lengthened runs at 
•ea, as is done with Clyde-built vessels, where the trial-trips generally involve a rmt from Greenock 
to Liverpool. In these trials let the Admiralty require official returns involving the following par- 
tleolars :— lat. The speed an Aour ,- 2nd. The actual weight of ccsla used on lumr ; Bd. The degree 
to which smoke is produced or avoided ; 4th. The temperature of the stoke-hole ; 5th. The tempera- 
tare of the escaping products in the uptake, ascertained by the pyrometer; 6th. The weight of 
clinker and its peculiarities ; and Tth. The weight of ineombustiole aab. The inspecting ofBoer 
should also be required to report upon the extent to which forcing of the Area may have been 
resorted to. 

It will be observed that these returns involve the qualities of the fuel employed, and of its 
fltness for use in the furnaces of the particular ship tested, as all such returns undoubtedly ought 
to include these particulars. In order to show that there ia no great difficulty in obtaining such 
particulars, I may mention that they are all attendiHl to in the teats of coal, made by their 
respective owners, in the test-boilor of the City of Dublin Bleam-Paoket Company at Ijverpoo]^ 
and are all so easily and accurately determined that the tests in question at once stamp the true 
character of otch description of coal. In illustration of these results, I here give a return of 
ten kinda of oosl, with their several calorific values taken from the results of some of the teats 
just mentioned. 

Tests or Coals as made w the Bou.eb of the Citt op Di'blik Steah-Packkt Coxtakt. 
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" The above teat-trials were made at the request of the owners of the respective collieries, for 
the purpose of ascertaining the calorific value and peculiarities incident to each coel, as regards 
clinker, ash, &c. The names of the collieries or owners are purposely omitted, as the returns of 
any one kind of ooal are never eommumcated to those of any otJker kind." — Wiluah BauracB 
M^Alusteb, forenuia Boiler Mah^r to the Comprmy, 

These only embraced the returns of the last nine months, and the tests were all made at the 
request of their respective owners, on opening new beds In their collieries. Wye Williams adds, 
I suppress the names of the different coals to avoid giving unnecessary oflence to au* of the 
proprietors. It will be observed that as there was no smoke from any kind of coal, and perfect 
oombustion effected, the full calorific effect was obtained in every instance. This was also con- 
firmed by the appearance of the furnace, as every part of the interior was made viaible by means 
of properly-placed sight-holes, as was the case in the Newcastle osperimonts. These returns show 
the error of estimating the so-called evaporative power of the coal by reference to the water 
evaporated by each pound weight of the coel. We even find that the description which gives the 
largest return in that respect, may, in fact, be the worst adapted for steam-generative purpoeeo, 
insLsmuch as the time occupied [a so much greater. This element of time is of the highest 
Importance, as regards the providing an adequate supply of steam for the cylinders. Take, for 
instance, No. 4. There the amount of water evaporated to i lb. of coal was 10-20 lbs., yet there 
were but 1707 lbs. evaporated an Aoui — during the time required for the evaporation of the tank 
full, of 8000 lbs. — say, in all, four hours forty-one minutes. Whereas, in the case of No. 7, though 
there were but g-d2 lbs. evaporated to a lb, of coal, there were no leas than 2232 lbs. evaporated 
an hoitr, the 8000 lbs. being evaporated in three hours thirty-five minutes. A further illus- 
tration of the importance of attending to the node in which the eeveral kinds of ooal enter 
into oombustion, as Percy has well observed, is shown in the following returns, where five kinds 
of ooal were tested, and the temperatures in the fines and of the escaping products were both 
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In Nos. 1, 2, and 4, of the annexed Table the largest development of gas, and consequently the 
highest temperature (assumimg that perfect combustion was realized), was at the end of each 
charge of twenty minutes (the temperatures were taken at intervals of a minute), whereas, in 
Nos. 3 and 5 the maximum temperatures were attained at the end of sixteen minutes and eight 
minutes respectively. This latter is the coal preferred by the Dublin Steam Company. Williams 
adds, I am sure it will be acknowledged that these tables contain much valuable information 
which is omitted from the official returns required by the Admiralty when steam coals are tested 
for them. In those returns no account is taken of the g^'oss time employed in the evaporation of 
any gross weight of water ; neither are we told what temperature was obtained for evaporative 
purposes ; nor what escaped in the state of waste heat ; nor how far combustion was perfect, as 
indicated bv the presence or absence of smoke in the chimney. We see in them no inoication of 
the use of that valuable and all-important instrument the pyrometer^ without which it is impossible 
to form any correct estimate of the calorific or commercial value of any kind of coal. 

Feeling so deeply the inefficiency of the tubular system as now generally adopted, I have 
endeavoured to substitute for it some more effective one, bearing in mind, of course, the necessity 
(to which I have before referred) of ensuring the direct action of the hot products of combustion 
upon the heating-surface. Mv endeavours in this respect have not been successful. I have 
arranged a form of tube, or rather fine, which presents a series of surfaces against which these 
hot products will strike at right angles, or nearly so, and consequently transmit a larger quantity 
of heat to the water in the boiler. As this, however, would be of comparatively small effecL 
unless accompanied by other mat^ial changes in the details and construction of the boiler, and 
the removal of the several evils already enumerated, I propose here detailing those alterations and 
principles, with their influence, chemically and practi(»dly, which go to the formation of a perfect 
ix>ller and its furnaces, namely : — 

Istly. That in the construction of a boiler, the proportions of its several parts, in particular, 
its length, from the door to the back-end, should be determined by considerations based on giving 
effect to those processes and principles on which the combustion, chemically considered, of the 
constituents of fuel — solid and gaseous— depends. Without regard to this common sense view of 
the subject, the length of boilers is usuaUy determined by the mere area or space allowed by the 
actual width of the vessel. This injudicious proceeding appears to have been adopted for 
the sole purpose of introducing the greatest numoer of boilers into the smallest possible space — 
the steam-generative property of a boiler being assumed to depend on the length and area of the 
fire-grate surface, and wholly irrrespective of the chemical process of combustion to be carried on. 
This at once leads us to the inference that the distance between the fuel at the bridge and the 
tubes should never be less than from 6 to 8 ft. lineal — experience having shown that it is 
impossible to effect the perfect combustion of the gaseous constituents of the coal in a shorter space. 

2ndly. That where the furnace-bars are above 4 ft. in length, from the dead-plate to the 
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bridge, and where the chamber is leas in height than 2 ft. from the dead-plate to the crown of 
the furnace, there' should always be provided the means of introducing a supplemental supply 
of air to the gases passing over the bridge. The mode adopted (see Fig. 884) in the Holyhead 
steam-packet, by a cast-iron plate with a sufficiency of half-inch orifices, has been found as suc- 
cessful as could be expected, looking to the great space occupied by the tubes, and the consequent 
absence of an adeauate combustion-chamber. 

Srdly. That tubes should never exceed 8 ft. in length, experience having supplied unquestion- 
able proof of the comparative inutility, as heat-generating surface, of any greater length, while it 
seriously curtails the space that might otherwise be occupied as a combustion-chamber. 

4thly. That the steam generated by the heat fh^m the side and crown plates of the furnace 
should not be allowed to ascend through the tubes, or interfere with the steam generated from 
the latter, as already mentioned ; but that it be directed to pass upwards through the spaces 
between the several separate stacks of tubes. 

5thly. That the waste heated products from the several furnaces should not be directed into 
one common receptacle or smoke-box, as is done in the * Great Eastern * and *■ Warrior ; * but that 
the furnaces, being set in pairs, their products should be kept in pairs, until, passing through the 
uptake, they arrive at the base of the chimney. The reasons and proofs which influence this 
arrangement are numerous, but cannot be here detailed for want of space. 

6thly. Boilers should be so placed that the furnace-doors should face the fore part of the ship, 
b^ which the material draught caused by its velocity would come in aid of the direction of the 
air into the ash-pits, and through the apertures in the ftimace-door boxes. 

In reference to Priming, Murray observes : — ** When the ebullition inside a boiler is so rapid 
and violent that water rises with the steam, and is carried over with it to the engines, the boiler 
is then said to prime. Besides the danger to the machinery which always attends this propensity, 
it entails a serious loss of heat, carried off by the water which boils over or is forced up the waste- 
steam pipes.** If this be a correct description of the process of priming, the tubular system has 
much to answer for the evil, as being peculiarly subject to this *^ propensity." In consequence of 
the violent transmission of heat, caused by the large surface of the face-plate exposed to the 
direct action of the flame, as already described, there is the greatest tendency to that local and 
violent ebullition by which the liquid matter is forced upwards, and which is no doubt the main 
source of priming. It may here be observed, however, that the idea of a ** serious loss of heat 
carried off by the water," is erroneous, and arises from the supposition of the water being heated, 
and having absorbed a given quantity of heat. Now, so long as the water particles retain their 
liquid form, they have taken up no heat, and can, therefore, carry none along with them. 
Williams here remarked, ** I am sorry to have to refer to a work of my own, but I have taken so 
much pains to establish this doctrine in my recent work, * On Heat in its relation to Water and 
Steam, embracing New Views of Evaporisation, Condensation, and Explosion,* that I trust I shall 
be excused for referring to it here." The true loss and injury occasioned by the water being 
carried over in the process of priming, arises — 1st. From the liquid particles taking up heat from 
the inside of the cylinder into which it is carried, and by which a cooling effect is proauced ; 2nd. 
From the particles carrying a large portion of the salt and other impurities with which the water 
may be impregnated, and which to a considerable extent produce an injurious effect upon the 
▼alve-fiscings. ** Priming," Mr. Murray adds, '* may arise from a variety of causes ; but the usual 
one is a too contracted steam-space over the water of the boiler. For where the reservoir of steam 
from which the engines are supplied is very small, there must be constant pulsations of pressure 
in the boiler ; and each time that the surface of the boiling water is relieved of a certain amount 
of pressure by the rapid withdrawal of a cylinderful of steam, it boils up with great violence.** 
This is unquestionably true. It must not, however, be forgotten that the prevailing practice of 
using higher pressure, and cutting it off, for the sake of expansion, greatly increases, if it does not 
produce, this very serious evil of a constant pulsation of pressure. We cannot, therefore, have the 
Denefit of the expansion principle carried, as it now is, to so great an extent, without the con- 
current evil of having the liquid matter carried even into the cylinder by these frequent pulsations. 
This is peculiarly the case where the cylinders are large and the expansion process is carried out 
to a great extent. 

I must, however, insist on the fact, that the violent local ebullition, peculiar to the tubular 
system, produced immediately behind the face-plate, as already explain^ is the main source of 
the evil of priming. This is well exemplifled m the case of new boilers, and on their first trial. 
The face-plate being then clean, both inside and outside, and the water-speices being fully charged, 
and without obstruction to the water's circulation, the transmission of heat through that plate is at 
its maximum ; and the generation of steam greater there then than it ever can be arfcerwards. 
The violent ebullition immediately behind the face-plate is far in excess of what can be conceived 
by those who have not had the means of personal inspection. None but an eye-witness could have 
an adequate idea of this local action, or of the mass of water thrown up immediately behind the 
face-plate, with the spray driven off in large quantities ; while the other parts of the water-surface 
are comparatively tranquil, or exhibiting but the ordinary effect of moderate boiling. It was this 
fact which first drew my attention to the action of the face-plate. I observed that the boilers of 
the * Warrior,' like those of too many other vessels, were reported to have been exposed to priming on 
their first trial ; and when I look at the immense extent of face-plates in which the 4400 tubes are 
inserted, I cease to wonder at the violence of the local ebullition, or at the priming which resulted 
from it. As the continued use of a boiler causes a considerable diminution of water-space in the 
rear of the fsce-plate, by the incrustation which is there rapidly produced, on account of the great 
heat to which it is exposed, we can readily explain the suosequent diminution of priming when 
the boiler has been some time in use. 

^ Hitherto we have had no sufficient explanation, chemically or otherwise, of the cause of 
priming. When, however, we examine closely the act of ebullition, we shall have no difficulty 
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oomprehending the rationale of the procesB by which the water particles are thus separated 

i thrown up, and carried by the force of the current out of the boiler. Each bubble formed in 

Iquid is a spherical or semi-sphcrical mass of aeriform matter. In the case of boiling water it 

if mure gtmrn enclosed in a spherical envelope of liquid particles, formed by the repellent force 

I divergent action of the several steam particles. The liquitl particles, on the other hand, by 

:<o& of their individual attraction and cohesion, sustain that continuity which forms the enve- 

\^. When each globe or envelope bursts, the liquid particles of whicli it is composed are 

Mtered, and, as it were, explodeo, and then carried forward to the cylinders. Looking, then, 

the violence of ebullition, and the quantity of liquid spray thrown up immediately behind the 

fwplftte, and in no other place, we are enabled to appreciate the source and nature of priming, 

nd the part which the tubular system and its face-plate act in producing this result. The 

ulMtioDB, then, spoken of by Murray, are not by any means the main cause of priming, but are 

itfraly aeoondary to that violent and local ebullition so peculiar to the action of the face-plate. 

• e see this result of ebullition in the common operation of distilling water for chemical purposes. 

jL^ . hea the distillation is carried on rapidly, and the water is made to boil violently, the so-called 

^ l^tilled water is found impure to such an extent as to require a repetition of the process, and a 

' 'Uble or treble distillation. To obtain pure water from the still, the heat should not be allowed 

^' ■ exceed 20(P, when ebullition begins. 

*' On the Bubjeot of Superheating there seems to be much confusion. The term '^ superheating 

he steam" neoessarily implies an increase in its temperature. When, however, we examine the 

•nemtioD, we find that, practically, we merely increase the quantity of available steam. Steam, 

•Ml an elastio flnid, resembles air as regards the difficulty of increasing its temperature ; so that 

inything to be gained in this respect from the action of the heated products passing to the 

tshimnej, as wa&'heat, must be very insignificant. In truth, all we do by the process is to 

»a|)ariae the liquid particles, which, more or less, always acccompany the steam generated from 

tvator at what is called the boiling-point. If a given quantity of steam in the boiler contains, say 

iO percent, of liquid particles, their conversion into steam is of equal value with the vaporization 

if anj other 10 per cent, of the water in the boiler. In addition, however, it has the further 

ndra^age 9f reheving Uie cylinders from the presence of so much liquid matter. In high- 

presBQie engines, aa in locomotives, this is not of such importance, inasmuch as the liquid i)ar- 

Tioles are dnven off with the steam as each cylinderful is discharged. In the case of condensing 

engines, however, the advantage arising from the absence of liquid matter, and what is termed 

dry steam, is considerable. 

''All boilers," Murray observes, ''are subject to the loss of a certain quantity of heat contained 
in the water which passes off with the steam in the sliape of a fine spray. Wlien much of this 
mixes with the steam, tiiie latter is said to be 'wet'; but it is believed that all steam raised in 
the cvdinary way is thus more or less charged with water in a state of fine subdivision." This 
has already been considered when speaking of priming. Murray goes on to say : — " To evaporate " 
(more ooneotly speaking, to vaporize) ^ and utilize this water is one of the principal advantages 
ii snroharged or 'superheated' steam." He might have gone further, and have said that this is 
the 9ole advantage gained by this much-extolled process. That this is even Murray's opinion 
maj be aasumed from the following brief, and, I believe, just summary, namely: — "The very 
hi^ rates of eoonomjr are shown by those boilers which were previously the worst to keep steam 
with, and which required very hard firing to do so ; those addicted to priming and wet steam rank 
next in apparent economy ; while those boilers that show the least were originally the best speoi- 
moDB of their class." Tms at once raises the question whether it would not be better to have the 
boilers so constructed that they should have no spare heat to be so applied ; for whatever heat is 
■0 applied would have been more economically and efiUciently employed in generating steam in 
the first instance, rather than in being allowed to escape, as waste heat, for the employment of 
which this superheating process, and the other process of heating the feed-water, have been 
invented. Whatever degree of success accompanies either of these processes vrill, in fact, l)e 
in the ratio of the waste heat ; that is, in proportion as the boiler is deficient in the legitiuinte 
application of the heat g;enerated by the combustion of coal. Thus, the more imperfect are the 
bouer and its furnaces in promoting perfect combustion, and thus realizing the full calorific 
power of the fuel, and in applying the heat so generated, the greater will be Uie apparent advan- 
tage of heating the steam of the feed-water. 

Robert Murray being selected from among many modem engineers who entertain similar 
views respecting boilers, it is only right to add R. Murray's r^ply. Writing to the secretary of 
the Inst of N. A., Murray said: — " Having been unable to attend the last meeting of the Insti- 
tution of N. A., I am glad to be allowed this opportunity of replying very briefly to Mr. Wye 
Williams^s remarks upon certain portions of a paper of mine, read before the Institution in the 
spring of 1860. While doing so, I would wish to express my hearty appreciation of Mr. Williams's 
long and valuable labours in the peculiar branch of engineering science to which ho has so 
ardently devoted himself; but, at the same time, I must confess to a doubt whether he is not 
riding his hobby rather too fast. It is my lot to see many pet contrivances and fondly-cherished 
theories sent off from this port of Southampton on a cruise into the wide world ; and of these, 
when separated fh>m the fostering care of their parents, very few indeed ev^r live to come back. 
This sad spectacle, in- place of enlarging our sympathies, tends I fear to make us practical men 
only the more hard-hearted and unbelieving. I admit, however, that a little |X)king by such 
men as Mr. Wye Williams is good for us. I shall now attempt to meet some of Mr. Williams's 
> objections. 

''With regard to the much-vexed question of 'smoke-burning,' I still maintain that in the 
Aimaoes of a marine boiler * it is not always an economical process ;' and further, tliat ' consider- 
able caution is necessary for the due regulation of the quantity of air to be admitted for this 
porpose.' It is of course apparent to every one, that the furnace demands a large quantity of 
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Atmospheric air at each recurring period, when the fresh charge of ooel is undergoing the process 
of difliillation, and therefore parting with its gaseous constituents. This state of the furnace, 
however, lasts for only two or three minutes out of every ton ; and if the rush of cold air were to 
be continued after the fire has burnt clear, and there is only incandescent carbon on the bars, a 
most damaging effect would be produced by the cooling of the flues and tubes. It becomes, then, 
a practical Question, whether the quantity of air to be admitted can be readily and properly 
adjusted to tne condition and requirements of the fuel in the furnace. That with an experimental 
boiler worked by trained stokers, either on shore, or on board ship, this can be done so as to show 
a high degree of economy, no engineer will doubt ; but tlie question still remains, Can we place 
sufficient dependence upon the ordinary fireman to be found on board a steamer, as to leave it in- 
their power to inflict a serious injury upon the boilers by their stupidity or neglect ; or will it not 
be preferable to adopt some simple and fixed arrangement for this purpose, which will not be 
dependent for its efficacy upon tlie precarious attention of tlie stokers ? This may be done to 
some extent by self-acting apparatus ; but whenever such has been fitted on board a steamer, it 
has been (so far as my experience goes) invariably abandoned after a few montlis' trial. It would 
appear, in fact, that the usual conditions of the stoke place of a sea-going steamer are inoom- 
patible alike with any great amount of discriminating attention to be expected from the men, or 
with the satisfactory working of a piece of nice mechanism left in their charge. There can, I 
think, be no objection to admitting a sttuiU and fixed quantity of air through a perforated plate 
behind the fire-bars (as shown in Williams's woodcut, Fig. 884), if this be done judiciously. 
The danger in such a case is, that tlie neig)ilx)uring plates may suffer harm from being one 
minute intensely heated as by the flame of a blow-pipe, and the next minute chilled by a cold 
blast after the flame has been expended, the continual expansion and contraction thus induced 
tending to weaken the plates by throwing iron-scale off^ their surface. It is therefore, perhaps, 
the safer plan to keep by the more usual ex])cdient of admitting the air through a number of 
small holes punched in the fire-doors, say |-in. holes at the distance of 1^ in. from centre to 
centre, which appears to answer every purpose, the door itself being slightly opened when more 
air is wanted. The bars must at the same time be kept covered with a thin fire, through which 
the air can penetrate, and not smothered with coals as shown in Mr. Williams's woodcuts. 

" As to the alleged deficiency of absorbent power in the tube-surface of a marine boiler, there 
can be no question but tliat Mr. Williams's statements and conclusions demand the most careful 
and anxious consideration. I confess myself so far a convert to his views, that I would be glad to 
see the tubes curtailed in length to such an extent as to admit of a considerably larger space than 
is usually allowed between the ends of the bars and the tube-plate. That the first portion of the 
tubes should be so much more eflective than the rest may, I think, be explained by supposing 
that the flame penetrates through them to this distance only, becoming then extinguished oy the 
reduction of temperature in the tubes, in the same way that it cannot pass through the meshes of 
the wire gauze of the miner's lamp. That the remainder of the tubes should not absorb more 
heat from the gases in their transit, is certainly a very remarkable and unlooked-for result. The 
use of tubes of not less than about B^ in. diameter seems preferable, as allowing the flame to 
penetrate further through them. 

** While speaking of * priming,* Mr. Williams remarks that my expression of a * serious loss of 
heat being carried off by the water * is * erroneous.* The extent of this loss is evidently just so 
much caloric as was necessary for raising the ejected water from the temperature of the feed 
to that of the water in the boiler. 

" Lastly, with regard to superheated steam, it is now pretty well understood that with a tempe- 
rature of from 280° to 300° Fahr. in the steam-pipes we have all the advantages of which the 
process is capable without endangering the valves and packings of the engines. I must differ 
from Mr. Williams, however, in thinking that its *8ole* advantage is the vaporization of the 
watery particles contained in the steam, as I think we derive an almost equal advantage from 
the saving of condensation in the pipes, ports, and cylinders.** 

Mr. C. Wye Williams, writing to the secretary respecting the above remarks of Mr. Murray, 
said : — * In reference to Mr. Murray's additional remarks, I have only to express my belief that his 
objections are severally and substantially answered in the extracts I have given from the report 
of Messrs. Armstrong, Richardson, and Longridge, on the proceedings at Newcastle (page 440). 
His remarks on the admission of air and * smoke burning * seem to be the result of an oversight, 
on his part, as to what my plans and recommendations really are. My regret at this is the g^reater, 
as he has himself fully absolved me from tlie charge of suggesting speculative remedies, when he 
adds : — * I see no objection to admitting a small and flxed quantity of air through a perforated plate 
behind the flre-bars, as shown in Mr. Williams's woodcut, Fig. 884.* Again, Mr. Murray says: — 
* It is, perhaps, the safer plan to keep by the more usual expedient of admitting air through a ntun- 
ber of small holes in the fire-doors, which appears to answer every purpose.* Had Mr. Murray 
looked further he would have found that this * safer plan,* which * answers every purpose,' is 
identically what I adopted under my patent of 1838, and was that exclusively used by me at the 
Newcastle experiments, which lasted twelve days, the claim of the patent being, * The use, con- 
struction, and application of the perforated air-distributor, by which the atmospheric air is more 
immediately and intimately blended with the combustible gases generated in the furnace.* 

** As to the deficiency of the heat-transmitting power of tubes, which it was the main purpose 
of my paper to describe, Mr. Murray says all that was necessary in confirmation of my views, and 
in giving them the benefit of his concurrence, when he adds : — * As to the alleged deficiency of 
absorbing power in the tube-surface, there can be no question but that Mr. Williams's statements 
demand the most careful and anxious consideration. I confess myself so far a convert to his 
views that I would be glad to see tlic tubes contracted in length to such an extent as to admit 
of a considerably larger space than is usually allowed between tlie ends of the bars and the 
tube-plate.* If this be dcme, it will remove one of the impediments, both to the full combustion 



subBtan- 



of the fumaoe • e^sms, 
and the increase eva- 
poratife power of tbe 
Doiler. On the whole, 
then, it appean that, bo 
UaCrota there beiiiK '•'^7 
eeeeutial ditTerence be- 
tween Mr. Uurray and 

tiallf ID accotd 
e«ieDtial pdints." 

We now come to the 
present piBctice of ea- 
Kineers, oj which dif- 
ferent descriptions of 
boilers are coostnioted 
and arranged to suit ra- 
rjoiu purposes. How far 
theae nmaeroua Corms 
aud combinationa fulfil 
the Deoessar; require- 
ments, the engineer 
will, it is presumed, be 
able to decide, from the 
accurate ezperimentB, 
abstract leaaoning, and 
piBctical reenlta which 
we have ikddaced. 

Marine BoiUn. — Fig, 
885 shows KD example 
of th e high-type modem 
mariDe boiler, as de- 
signed bj N. P. Borah, 
and illustrated in his 
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practical work on Marine Engineerine, to which we are indebted for many of our examples of' 
rosrine boilers. The flre-boi and oombuation-chamber are partially separated by a brick brid^. 
The tubes have h slight mke inclioiiig upwards at the emoke-boi end, this end being the flnal 
eTBporator. The TRrtieal tuliHs in the upper portion of the smoke-boi are for superheating. Tfa* 
flre-bajB are inclined townrds the inner extremities for two purposes, the one to assist the sction of 
Etoking or agitating the fire, and the other to accelerate the draught — it being remembered that 
the greater portion of the draught enters l>elow the ban. Fig. SS6 Bhowa an etdatged front oleT>- 
tioD of the same, hal T oomplett; and half in section. 

Figs. 887, 8H8, 6S9, show an end elevation, sectional plan, and sectional elevation of the boflcoB 
fitted in H.M.8.8. 'Vigilant,' ' Wanderer,' and • Osproy,' by Unudslay, Sons, and Field. The diefio- 
sition of the boilers in the hull is represented by the elevatioiu, the plan refeiring to only oim 




Sectkmal plan. 



boiler. The fire-boies are tore and aft of the shell nt the side. The combustion-chambers, one to 
each grate, are at right angles with the fire-boxes : the tabes are arranged in a line with and out- 
ride each fire-bni, thus forming a return action. A longitodinal fine is introduced, extending 
throughout the length of the boiler, so as to render the final uptake common to the amoke-boiea. 
On referring to the sectional elevation, it will be seen that this floe is the same height as the 
amoke-boK, a divisional water-space causing a complete separation. The firo-boi it contracted at 
the base-line, also the side and bottom of the slioll are angularly connected. This form of con- 
struction is due to the bcum of the hull for which the boilers were designed. 

The details are :— Two boilers of 100 h.p. collectively ; length of shell, 19 ft. * in. ; width of 
one shell, 9 ft. 6 in. ; height ot shell, 5 ft. 10 in. There are four fire-grates, each gimto being 8 ft, 
* in. long by 2 ft. 10 in. wide. The fire-boi is 3 ft. 6 in. deep at each end. 192 of the tubes are 
6 n. 6 in., and 192 6 ft. in length. The toUl number of tubes is 381, each tube being 2} in. 
outride diameter. 

Fig. 690 represents a boiler with tul'ps, made by JIaudalar, Sons, and Field, for H.M.8.S. 
'Hntine' and 'Chameleon.' The boiler is of 66 h.p.; the shell is 9 ft. 8 in. long, 18 ft. 4 in. wide, 
and 7 ft. 6 in, biRh. There are four grates, each grate being 5 ft. 10 in. long by 2 ff. wide. The 
flre-boi is 3 ft. 10 in. deep. Total number of tubes 2(;2, each tube being 6 ft. long and 2^ in. ont- 
mdo diameter, Thereare two grates to each cluster of tubes, placed near the outer side otthesheU. 
The combustion-chamber is at right angles with the grate. Tiie tubes are placed in the oeutra 
between the £re-boxes. The smoke-boxes are at the hoUer-frnnt between the inner fire-boxei. 




FigB. 601, 892, 893, 894, show eleTstitiii, plan, and sediong of the two boilers of H.M.B.B. 
'Befndeer' and ' Peneiu,' b; J. and U. Kennie. TLey are of 130 H.p. Length of shell, 16 ft.; 
width, 10 ft. 6 in. ; height, 7 ft. 6 in. ; hU fire-grates, 5 ft. 6 in. long bv 2 ft. 10 in. wide ; fire-box, 
4 ft. 6 in. deep ; 52S tubes, each tube being 6 ft. long sod 2} in. outside diameter. 
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nga. 89S, 896, ahow elention and Beetion of the bailera made by J. and O. Itennie for B. B.S. 
' General HnriUos' and 'General Victoria.' There are four boilera, of 200 h.p. oolleetivelj. Each 
thai la 12 ft long, 10 ft. Hide, and 7 ft. high. There are eight grates, each giato being 5 ft. 9 in. lonR 
bf 8 ft. wide. The Sre-boi ta 3 ft. deep in front, and 2 ft. at back. There are 62S tubes, 6 ft. 
knig and 2} in. autaide diameter. 



IT" 
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Sectiimal eleratioo. 




TrauTOH KLtion. 



Figs. 897, S9S, ihow the tabular boiler made by Jamea Watt and Co. for the Bnmbaj Steam 
Narigation Company. It is of 30 h.p. The shell is 7 ft. 1 in. long, 11 ft. wide, snd Sit. Gin. high. 
It has two grates. 4 ft. 9 in. Ion;; and 2 ft. 2 in. wide. Tlie fire-box ia S ft. deep. Number of 
tubes 144, each tut>e i ft, II in. lon^, 2} in. outside diameter. The doors seen nnder the gmte at 
the back, Fig. 898, are for the admission of air beyond the bridge, a suitable framework being 
fitted in the flre-boi. The gear ahown bj the dotted lines and in the dome relates to the safety- 
valve. Fig. 897 ehows the combuetion -chamber, smoke-box, and uptake, in section. It will ba 
leen that the Inbes connecting the combnstion-chamber and smoke-box are at an incline ; this ia 
for the purpose of accelerating the dmuglit. The uptake is cntvci] and mirronndcd by the Bleam ; 
thia renders partial superheating attainable without extra detail or expense. 




■eetional eleTStiOD. 

9, 900, show the boilers made by James Watt and Co. for the S.S. ' Tyrsaad.' They mm 
of 120 H.P, The shell ia 8 ft. long, 15 ft. wide, end 10 ft. high. There are eight grates, 7 ft. lonfr 
and 2 ft. wide. The flre-box u 3 ft. deep in front, and S ft. 3 in. deep at back, lliereaie 520 
tubes, each tube being 3 ft. 8 in. long and 2} in. outside diameter. 

Piga. 901, 902, 903, 004, represent the two boilers made by James Watt and Co. for HJI.B. 
< Hornet.' They are of 100 h.p. Length of shell, IG ft. 6 in. : width of one sheU. 9 ft. 6 in. ; height 
of shell, 7 ft. 6 in. Six giatea, each grate S ft. 3 in. long by 2 ft. 4 in. wide. Tho flre-box is 3 ft. 
deep in fiont, and 3 ft. 6 m. at bock. There are 440 tu^ each 5 R. 6 in. long and 2} in. outdde 
diameter. 

The tubular boiler bvented by Edward N. Diekcrsnn ia shown in Fig. 905. It has two weriem 
of tubes, W and 8, through one of which sericf the water posses, and open the exleriw it which 
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tlie hiiileil products of combuBtion impiu);?, while the kUaid on its pasmge to the outlet ia mado 
to anrround urtil eDvelop the otber aenes through which the products of combnation are made to 

C, thuH BUpcrheHting tha ateftm. The water-tuben of thia boiler are eo arranged that by remoT- 
^ dooiH or plstea D, both ends of the tubes laaj be reached aod cleaned without going into the 

Fig. 906 refers to the boiler invented hj William Mnnt Storm. The boiler oonrists of » 
cylindrical horizontal shell, in the centre of which are situated two fii»-boieB separated by B. watei^ 
Hpeee. The amoke-boxog are situated witbin the watcr-Hpnce, with the pipes in, m for circulktins 
the amohe to the uptake. Flues are provided Cor conveying air to tlie fnmaoe, which run urallel 
with the generating tubes: and a water-head is formeil in each end of the boiler for affarding 
a^HS to the outer ends of the tubes. Tbix water-head isconuectcd with the boiler by citenlBtiiig 
pipes, so that it is made lo act as a generator of steam ns well as a water-heater. The fire pasBtM 
right and left through the fines or tubes to the chambers i, ■*, and thence through Its proper 
conduit to the uptake. 

Fig. SK)7 is an elevation in nectioa of the marine stcam-lioilcr of that ingenious inreiitor and 
engineer, Thomas Dunn, a is the outer shell of the boiler : h, the fire-grate, and c, the roof of the 
fire-box, which ts formed of Kemi-eiliptical plates riveted together at their edges, thereby producing 
a corrugated surface against which the products of combustion impinge ; these corrugationa give 
a larger beating-eurfaco to the flre-lmx and increase its strength. Beyond the fire-erate 6 is tha 
bridge d, over which the products of combustioD pass to the down-flue t, then through the tabea/ 




forming the ui ll tubular part of the bnUcr an t tl en nlo tl e el ambtr >/ nl h comtnun cates b; 
means of the fine v th the ehui n v or funnel l nder the br dge li a few short tubes d" are 
inserted to a im t a r nto tl e down fiue for the purpose of gn t nj, the oflan n able gases pasa- 
ing over the br dge Tl e flue j near the bridge s only opt cd wh n tl e fl es are just gn ted ; 
but if, owing to the leaking of the vessel, the water should come in and close Ihe lower flue A, the 
Hue J may be opened so ax to keep the engines going until the water rises in the vessel sufflcientlj 
to extinguish the fires. The grate-bar m ia shown in about Ibe position of the fire-grates in naarine 
lioilern of |be ordinary co1l^t^uction, and the grate-bar b above it inrlieates the level of the fire- 
grate in Dunn's Ixiiler. 

Fig. !I08 is a section of another of Dunn's marine boilers. In this instance the roof of the fire- 
box is made of corrugated plates c stayed Iimgitudinally and vcriicnlly, and the water-partitions 
n. shown in section in Fig. tt09, are placed in the down-Hue e to absorb a portion of the heal from 
the products of combustion in pausing to the up and down flues /, which are formed by the water- 
partitioDs o, projecting downwards from the central portion of the boiler, and the fortitionB p 
projecting apwards from the lower part of the boiler. The chamber g and the flues h and j are 
similar to those above described in reference to Fig. iH>7. In this boiler the outer side of the 
chamber ;/ is formed by the watcr-]«rtition 7, and etmsequently all the flues and lower portions of 
the Iwilcr arc perfectly water-tight, so that in case of the leaking of the vessel the l-oiler may be 
kept in full work until the water rises to the level of the fire-grate ft. In both the marine boilers 
thown in Figs. 907, 908, the lire ia ajiplied near to the surface of the water, and in a most advan- 
tageous position for rapidly generating steam : the nrhcH aod ciiiriers are colleclcd in the bucketa 
r, and the direclion of the products of combustion is indicated by the arrows. 



Fig. 9I0repreMnt8 A modification of the marina boilsrealiaim In Pigi. 907, 9DS. In this boiler 
tie hMting-emfeee is inoraosed, tnd the oiicnlstion promoted by the two aeta of tnbea H wtd N 




placed in the fine e. The bridge <J is mode to ooDtbiD water, and :t u connected to the corragttted 
roof « by pipes d'. 

Figa. 9U, 912, show an eleTalion and plan of two boilers deaigned by N, P. Bnrgh for a gun- 
boat. They are of 100 n.p. collectively. The shell is 19 ft. 9 in. long, each shell 12 ft. wide and 
5 ft. 9 in. higb. There are four grates, G ft. long and 3 ft. wide. The flie-box is S ft. deep. 
There are 780 tubes, 100 being 5 ft. 9 in., and 380 7 ft. 6 in. long: outside diameter of each tube, 
2iin. 

The boilers made by Maudiday, Sons, and Field, for H.M.S.S. 'Ajai' and 'Edinbnigh,' are 
shown in plan. Fig, 913. In each ship there are two, of 4S0 h.p, collectively. The ahell of each 
boiler Is 34 ft. 6 in. long, 15 ft. 6 in. wide, and 9 ft. 10 in. high. There are twelve ftre-gratea, 
each grate ft. 4 in. long and S ft. wide. Tbe fire-box is S ft. 6 m. deep in front, and 4 ft. 2 in. at 
back. Number of tubes, 1506; each tube 4 ft. 10 in. long, 2| in, extenul diametei. 
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Figs. 914, 915, exhibit elevations of. the boiler desigiied by N. P. Burgh for a steam yacht. It 
is of 25 H.P. The shell is 11 ft. 6 in. long, 7 ft. wide, 7 ft. high ; one fire-grate, 6 fL long, 2 ft. 
9 in. wide ; fire-box, 2 ft. 9 in. deep. Number of tubes, 72 ; each tube 8 ft. long and S| in. 
outside diameter. 

£. Humphrys* marine boiler is shown. Figs. 916, 917. The uptake is constructed in such a 
manner that a number of vertical tubes may be placed in it, the uptake forming part of the main 
boiler. The vertical tubes serve as a superheating apparatus, ana render unnecessary any pipes 
or valves for conducting the steam to the superheater. 

Fig. 917 shows the tubes and smoke-box. Directly above the tubes a plate is fastened, and 
another plate is placed near the roof, the plates being connected by the vertical tubes and stays. 
The pas»E^i:e of the steam is indicated by the arrows. 

The boilers represented in Figs. 918 to 921 are fitted in H.M.S. *Oberon,* 260 h.p., and were 
designed by Cant. A. A. Cochrane and at Woolwich Factory respectively. The length of shell in 
Capt. Cochrane^s boiler. Figs. 918. 919, is 12 ft. ; width of shell, 11 ft. 6^ in. ; number of steel tubes, 
915 ; length of steel tubes, 8 ft. 3 in. ; outside diameter of steel tubeis, 1} in. ; actual weight of 
boiler, 20 tons 7 cwt.; actual weight of water, 12 tons 8 cwt. 1 qr. 



Heating-surface in tubes sq.ft. 

„ „ furnaces, &c „ 

Total heating-surface „ 

Area of fire-grate „ 

Capacity of combustion-chamber cub. ft. 

Aiea at throat of „ sq. in. 

„ between close tubes „ 

„ under trap or water-space „ 

„ between smoke-box door and water-space „ 

„ at mouth of uptake .. „ 



Total. 



1810-54 
887-88 

1648-37 

71-79 

157 

2146 

1942 

2099- 

1799 

1728- 



2 

37 



5 







Each 
nominal h.p. 



To each foot 
of Grate. 



10 

2 

12 

1 
16 
15 
16 
13 
13 



08 

6 

68 

55 

21 

51 



15 

88 

3 



18-25 

4-71 

22-96 



2 
SO 



19 




27-04 
29-2 
2505 
24-0 



Capacity of boiler, 1460-5 cub. ft. ; capacity for water, 444*78 cub. ft. ; capacity for steam, 315-^ 
cub. ft. 

The length and width of shell of the boiler made at Woolwich Factory, Figs. 920, 921, are the 
same as that shown in Figs. 918, 919. The height of the boiler is 12 ft. 2| in. ; number of brass 
tubes, 394 ; length of brass tubes, 6 ft. 6 in. ; outside diameter of brass tubes, 2} in. ; actual 
weight of boiler, 21 tons 13 cwt. 8 lbs. ; actual weight of water, 14 tons 19 cwt. 3 qrs. 



TotaL 



Each 
nominal r.f. 



To each foot 
of Grate. 



Heating-surface in tubes .. .. sq.ft. 

„ „ furnaces, &c. „ 

Total heating-surface „ 

Area of fire-grate „ 

Capacity of combustion-chamber cub. ft. 

Area at throat of ,, sq. in. 

„ through tubes .. .. .. „ 

,, at mouth of uptake .. .. „ 



1674-5 
2340 
1908-5 
75-81 
55-18 
2144-0 
1564-18 
1728-0 



12-88 
1-8 
14-68 
-58 
•42 
16-5 
12 03 
13-3 



22-08 

3-08 

25-16 

•727 
28-3 
20-63 
22-8 



Capacity of boiler, 1460-5 cub. ft. ; capacity for water, 537 cub. ft. ; capacity for steam, 369 cub. ft. 
The boilers for H.M.S. * Audacious,' 800 h.p., are made on two plans, one by Ravenhill, 
Hodgson, and Co., and the other by Capt. A. A. Cochrane. Figs. 922, 923, 924, show the boiler by 
Ravenhill, Hodgson, and Co. The number of tubes is 409 ; length of tubes, 6 ft. 7 in. ; outside 
diameter of tul>es, 3 in. ; estimated weight of boiler, 22 tons 5 cwt. ; estimated weight of water, 
14 tons 5 cwt. 2 qrs. 



sq. ft. 



Heating-surface in tubes .. 
„ „ furnaces, &c 

Total heating-surface 

Area of fire-grate 

Capacity of combustion-chamber cub. ft. 
Area at throat of „ .. sq. in. 

through tubes 

at mouth of uptake . . 



n 
n 
» 









TotaL 



2208*6 
304-78 

2573-38 
87-725 
105-43 

35600 

2429-0 

1980 



nominal HJ>. 



16*56 

2*28 

18*85 

65 

•8 

26*7 

18*22 

14*85 



To each foot 
of Grate. 



25-175 

3-47 
28-65 

• • 

1-2 
40-58 
27-69 
22-57 



Capacity of boiler, 1898 cub. ft. ; capacity for water, 519*68 cub. ft. ; capacity for steam, 483 '25 
cub. ft. 
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FigB. 925, 93C, 937, exhibit Capt, Cochnne'i plan. Ths p«Tticiilua are: — Number of aleel 
tnbee, 870; len^h of steel tubes, S ft. 6 ia. : outiiiae diameter of steel tnbea, IJ in.; extinuited 
' veigbt of boiler, !4 toni 2 qn. ; ettimated weigbt of water, 12 toui 8 cwt. 2 qn. 



He*t{nK-tiirf«oe in tabes sq. ft 

„ „ fumaices, tc „ 

Total heatlnK-eoriKco « 

Am of flro-grate „ 

Capacity of oombtutioD-oIiuiiber cub. ft. 

Area at tbroet of „ sq. in. 

„ between close tubes „ 

„ voder trap or water-epaco „ 

„ between «moke-box door and water^ipace „ 

„ at mouUi of uptake „ 
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H.H.B. ' Chftntioleer,' 200 b.p^ la Utted with boilera designed bj Capt. Cochrane and by the 
Goreroment Factor; at Woolwiob raBpeolivetj. Figrs. 928, 929, !^, raprosent those hj Capt. 
Coehntne. Number of steel tabes, 929; leDgth of steel tubes, 2 ft. 6in. ; nutaide diameter of ateel 
tubes, U in-; actoal weight of boiler, 18 tons IS cwt. 2qrs.I81b«.; actual weight of water, 8 tons 
tlawt. 221bB. 



Heating-Bnrface in tubes .. 

,. „ furnaces, &c. 

Total heating-Burfaoe 

Area of fire-grate 

Capacity of combustion-obainber 
Are« at throat of „ 

„ between cloae tnbea .. 

„ under trap or water-space .. 

„ at mouth of uptake 



758 -e 
241 89 
1000-49 
48'37 
158-7 
2160 
1515 
1486-0 
1053-0 











10-53 


15-6 


3-35 


5-0 


13-88 


20-6 


-67 




2-204 


3-2 


300 


41-66 


21-15 




20-61 




11-62 


21-77 



4'87oub. ft.; capacity for water, 306-7 cub. ft.; cspedty for s 
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show the Woolwich Fsctorj boilers. The nDmber of bnsa tnbeB, 337 : 

* " ' ^ubcB, 2| in. ; sctiul weight of boiler, 

qrs. 7 Im. 



Figa. 931, 
length of brass tubes, 5 ft. 6 in. ; outside diameter of braua tubes, 21 
19 toDB 2 cvft. 3 qra. S lbs, : actual weight of water, " ' 



Heating-BurfBce in tubes 

,. „ furnaces, Ac. 

Total heatiug-Burfaco „ 

Area of flre-grate „ 

Capacity of combuBtion-chambtt cub. ft. 

Area at throat of „ ai- in. 

„ through tubes „ 

„ at mouth of uptake .. .. „ 



sq.ft. I 1213-2 I 



CftMcitjof boiler, 1384'S7 cub. (t. ; capacity for water, 3D5-7cub. ft.; capacity for steam, 454*5 
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Statiimary B«ileTt,—Tb» boiler shown In FigB. D3(, D35, wm deeigoed bj A. W. William 
and L. Perkiiu for TOry high preoBiire etaan with great expaiuioii. It suppliee steein to 
engine of 60 uj., which wivb at ft prtanue of SOO lbs. to the aqnue inch. 




The boiler conaists of a nmnber of horizontal straight wTougbt-iron tnbee A, welded at the 
ends, and connected with one another by gmaller Tertical pipes B, These tnbes contain the water 
to be evaporsted, and the steani, whilst the fire is ontside thetn. It is esseotial that the larger 
tubes be horizontal or nearly so, and that eooh of them be connected to the next tube by means 
of two of the connecting-pipes. The boiler oontains five layers of the larger tubes of 2| in. 
internal and 3 in. external diameter; the oonnecting-pipes ore J in. internal and 1| in. external 
diameter. In working, the watei-level is in the middle layel of tubes, as shown by the dotted 
line ID Figs. 931, 935 ; it remains free from the violent nndnlatioos which occur frequently in 
boilers where the internal space is not divided off. It is probable that a circulation establishes 
itself in the water, which rises with the bubbled of steam through the vertical oonneoting- 
pipe at one end of the tube, and descends by itself through that at the other. The gases fntia 
the Are pass backwards and forwards between the layers of tubes, as shown by the arrows In 
Fig. 935, and remain long enongh in oontoci with Uiam to allow of a very good absorption of the 
heat. In another similar boiler used for some time, theco were eight layers of tubes above tbe 
fire. The boiler is thus made up of a number of verticrf Bubdivisions arranged side by aide, each 
containing five to eight parallel tubes. The several sections are all ooonected together at the 
bottom, by means of a cross tube C, with oonnecting-pipes to each section, throueh which the water 
finds the same level in all the sections. The steam is taken off through a similar cross tube D at 
the top of the boiler, with a coonecting-pipe to tbe highest tube of each section. All the sections 
are proved with water pressure np to 3000 lbs. the square inch. 

The boiler has about )2 aq. ft. of grate-surface, but the total area of the air-spaces between the 
bars does not amount to more than is supplied by 6 sq. ft. of ordinary giate-surfaoe ; and aooord- 



firmly held together by caat-iron girders, and encased in non-conducting sides and top made of 
four thicknesses of light plate riveted together and kept about } in. apart by ferrules, so as to 
form tlirce cloned air-chnmbpra. This orraogement is specially adapted for marine boilers. 

The Sue from the boiler is made to pass through a box containing the three cylinders of the 
engine, passing first down the small or high-preasure cylinder, then up the middle one, and finally 
acting on the low-preasure cylinder. The temperature of the gases in this box varies from 400^ 
to 50U° Fahr. After leaving the box, they pass downwards through a vertical sqnale fine 10 ft. 
long, giving up their remoiniag heat to the feed-water which is forced up through a wrought-iron 
coil of {-in. pipe contained in the Que, having 200 sq. ft. of heating-surface. At the bottom of 
this flue the gases enter a vertical iron faunel of 40 ft, height and 24 in. diameter. Tbe heat is 
so completely abstracted by the feed-water coil, that after leaving it tbe gases have sever been 
found hotter than 100° Fahr. 

This small quantity of heat in the chimney gave sufficient draught to canse the evaporation of 
S| cub. ft. of water on hour in the boiler ; but by the aid of a small fan, driven by a heft from the 
main shaft of the engine, the evaporation wOa osDally kept at 13 oub. ft. an hour. The evapora- 
ting power of the boiler was tested by means of a water-meter, and in an experiment of 3 hours' 
dnratioD 390 lbs. of anthracite coal evaporated ISO galls, of water, which is about 10{ Ibe. of 

2 B 



water the lb. of coal. There isnodoalit that a lariicer hnjler with nnall proportumate looa of heat 
b; radiation to Uie outer air vould give a atill marc rnrourable result. 

Fig. 936 is &□ elevation, and Fig. 937 apian, both ia BectioD,of Thomiu Dunn's vertio*! boUer. 




muDjeation between Uie watet-Hpace Burrnundint; the fire-box being effected b; the braneh pipes f : 
to the outBido of the tube (, and to the inside of the flre-boi, aro riveted X "r aogle irona, to hold 
in poaition the flrerf^lay or other slabii P, shown in Fig. 937 : theHO stabs and the tube ( form the 
partition to separate the up-draught from tlie down-draught ; and the flre-claj of the slabe when 
red-hot ignites the staoke, and connumes it before it arrives at the flue u communicating with 
the chimney. 

Dunn's vertical boiler with two Bre-<rratc3 is ahovm in Figs. 93S, 939. a is the shell, 6 i the 
grates, c the flre-box, divided in the centre b; the two water-partitions W, W, the space between 
which fonns the down-fiuc. The upper end of the partitions W, W, is partiall}' closed by a per- 
forated fireclay, top W, the object of which is to ignite the inflaniraable gases, and to prevent 
the passage of smoke into the down-dmught flue. At the Ijottom of the down-flue are placed the 
pi^ V, through which the feed-water passes, and is thus partially heated in passing to the 

Figs. 940 to 944 illUBtrate a very novel and nseful arrangement, introdnoed by Hawksley, 
Wild, and Co., of t<heSeld. It coosiets in building a fumaee for puddling, heating iron and steel 
or other material, inside the boiler-flue, thereby utilizing the waste beet. 

A is the steam-dome : D, fiimace-door, the doors are placed on both sides of the furnace, aa 
that it can bo worked as a right or left hand furnace, or, m case of long forgings, right through ; 
C, firing-hnle door ; D, fl re-brick' lining of furnace ; K, fumace-bed ; F, slag-bridge ; G, tainiing- 
bole for fumacc-slng ; U, hent-retainer fnr fumace-nrck : I. circulating water-tubes; K, ^nge 
arrangement, for expansion, contraetion, strengthening, reducing flue, and retaining the heat. 

Robert Daglish and Co.'s multitubular boiler is shown in Figs. 945, 94t;, 947. A, A, ia the stop- 
valve with safety-valve, B sleani-donie, C monway and cover, D chimney and damper, E ateMn- 
gauge, P water-gauge and gauge-cocks, G feed-valve and pipes, ' mud-hole for clearing out. 

Samuel Bmart and Co.'s vertical syphon water-tube boiler, shown in Figa. 94S, 949, it of 
simple construction, consisting of a cylindrical shell with internal cylindrical fire-box, from the 
crown of which the water-tubes are suspended, banging free into the fire. Every part of the boiler 
iaeasy of access for the purpose of cleaning- and as no strain is thrown upon any part by eipanaioQ 
or cantracticn, the tu1>ea being fixed at one end only, the boiler is less liable than many other kind* 
to get out of order, and a great source of expense, in the shape of repairs, is thereby avoided. 

Into each of the wster-tubes a Bjphon is inserted, which extends down into the water-ap»oe at 
the boiler a short distance beyond the ends of the tubes. These syphons act as circulating tobea 
when the boiler is at work, supplying the water-tubes constantly with water from the water- 
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OMing, where it hu a teudency to keep ooolei than in the npper put of the boiler, bat b; meau 
of the circDlation through the iTphoni the temperSitiire vs equalised. 

The tubes lued nnder ordinary oircnnMtancca, in statlODary and marine boUera, are of an 
external diameter of 1{ in. and 2| in., with the excieptiou of the portable boilers, in which imaUer 
tubes are lued. 





Stationuy. 



In the portable boiler. Fig. 949, the water«paee fonoandinK the fire-box ii cmittad for the 
Bake of lightncae. and the hanging tubei are sbnpl; enclosed in a eheet-iron casing which carries 
the fire-grate. The central flue u carried down below the gmte, and a wate^apace of the shape 
of an inrertad cone ia constnicted around this flue, with abort lateral flues for the eecape of the 
amoke. Into this water-epace the ends of the eyphou tubes are taken, and the action will ha 
prcciaely as in the stationary boiler already described. The blow-off cook ia situated at the 
bottom of the conical water-space, and into the bottom opening of the flue the exhanst-pipe of ths 
engine is fitted so aa to close the opening, the nozzle of the exhaust-pipe terminating jnst above 
the lateral smoke-flaea, and the exhaust steam is by this arrangement made to prodooe a powerfU 
blast. In cases where even this oentral cone adds too mnch to the weight of the boiler it is 
dispensed with, and the circulation and blowing out is provided for h; means of a peculiar 
arrangement of two-way cocks, and the boiler ia made without any water-casing at all. 

Byur' .C,-.. ........ ■.. ..,,..,.. ^ 



Howard's boiler, Figs. 950, 951, 952, 953, oc 



ea of vertical tabes, 4 ft. 6 in. long and 



two projecting lugs is fixed. The tube is roughened at the tower end for a length of about 1 in., 
it is then placed in a mould and the metal cast about it. There results so perfect a union that 
the lul>e and the pipe are virtnally rendered one. Tbe tubes are disposed in transverse rows 
in a Sue intervening between the furnace proper and the cbininey. The lower ends of all the 
tubes in a ttansverse row are united by a cast-iron tube about 10 in. in diameter outside, and of 
considerable thickness. This tuba is further strengthened by transverse perforated partitions. 
It will be seen that on the upper side of each oast-iron tube, flat pieces, or pedestals, are CEUit. In 
each of these is turned an annular groove as wide as the end of the vertical tube is thick, say ^ in., 
and of considerable depth. The ends of the vertical tubes project slightly beyond their cast-iron 
base rings, and this projection flts into the circular channel before referred to. The end of the 
tube is turned oflT in the lathe. 

Id two oppoeite oomers of the squares or pedeatals on the cast-iron tube, receaaes are made, 
and into each of these ia slipped a heavy gnn-metal tapped nut. These nuts can be drawn out 
or put in laterally, but they are held down by the cast iron of the pedestal which overhangs them 
on three aides. The base rings of the vertical tubes have lugs cast on them, which, when the 
tube is put in place, oorreepond with the gnn-metal nuts to which they and the tube with them 
are secured by two bolts, one on each side, screwed into the nuts. Before the tube is put in place, 
a ring of composition, made of lead and tin, is dropped into the annular groove, and on this the 
end of the tube rests : and being forced down by the two bolts at opposite sides, makes a joint 
tight at any pressure which the tubes can sustain, and yet one which may be made and broken 
ten times in the day if necessary. 

Each tube has within it an internal one, similar to that introduced by Ogle, rising up through 
the water-apaoe, dividing the water into annular and central columns. "Hie current of bcal«d 
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nset impioKing upon the tnb«a, caiuea the vater in the outer epaoes to rise to the lop ftod flow 
down to the bottom of the inner tnbea ; in oonBcquence, a most active circnlation ie kept np in 
every part of the boiler. 

From the upper enda of the tabes a short piece of welded gas-pipe risea. Thii pipe eerrei to 
carry off the Eteam to the main stesm-pipe. Between ever; doable row of genenting tubes one 
steam-pipe ia flied horizontaily, and the short tubes are beat over b; an easy onrve and screoed 
on to the sides of these secondeiy steam-pipes. All the secondary pipes open into one large pipe 
running at right angles to them. On thiB is filed the safety-valve, and to a flanee at one end the 
steam-pipe to the engine, or, where mors boilers than one are used, a branch of that pipe is fixed. 
The effect of this arrangement is that the generating tubes are only secured at one end. and can, 
therefore, eipaod or contiBet as they like without imposing any strain on any part of the boiler. 
The Bteam-pipoB are also free to move as they wish, the curve in the small pipes from the 
generatinz tube ptovidiug BDiSoient elasticity to meet any demands which are likelv to be 
made on them. The csst-iiou bottom mains can expand and contract as thoy please, and in any 
direction. 

The manner in which the feed-water is introduced will be easily comprehended. Each trans- 
verse main has its own suppty-pipe. 

The furnace consists of the Ore-chamber proper, which contains the grate, covered by a heavy 
brick-arch. In front of this is the tube'^hamber, answering very much to the hearth of a paddling 
furnace ; and under this last the fines are returned before going to the chimney. It is one of the 
distinguishing principles of this boiler, that no joint of any kmd is cipoued to the action of the 
fire, or heated products of combustiou, while they retain a temperature much above that of 
the steam within the boiler. In order to carry out this object, the tiers of vertical tubes are set 
as fellows : — The transversa cast-iron mains rest on side walls, and a central wall which estabiishee 
a wheel draught ; the mains are fixed rather closely together, and, as soon as they are put in place, 
cast-iron plates are laid between them on fianges or rihs cast on the sides of the mains for the 
purpose ; on these are laid bricks and fire-clay to such a height as to cover the jimctiona of 
the tubes with the mains effectually ; the lower half of the mains project into the andei-flues and 
absorb the last dregs of heat from Uie gases on their fiight to the chimnev. On the upper ends of 
the tubes wrought or cast-iron plates are also laid, and these are covered with six or eight inches 
of sand tokeep.in the heat. By taking off the sand and removing a couple of plates, access may 
always be had to the interior of the tube.chamber. It will be remarked that the whole tube, 
steam-space and all, being exposed to the heat, its upper portion would be liable to rapid 
destruction. To prevent £is a provision apparently insignificant, but really very important, is 
introduced, in the shape of certain screens of nrenilay, which extend across the tube-chamber and 
protect the nppei portions of the tubes from the impact of the fiame. 




Fig. 934 is a longitudiaal section of one of Thomas Dunn s boders The lower portion of this 
boiler is at right angles to the upper portion, and is oontamed u a chamber or pit of flre-briok : 
the products of combustion on Uanng the flue snrroimd the lower port of the boiler, A, B, 0, and 
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escape to the chimDO; hj tbe flue B. In this boiler Ibo fire-brick bridge resti nprai a boUow per- 
forated cait-iron chamber, within which is » aliJin); wedge block : thin block is now shown open to 
admit air behind the bridge, and it csn be clciBod frcim Iho Front of the boiler by tbe handle uid 
rod shown in the figure. Tbe pipes for heating the feed-wnter are placed in the flue; and aa 
these pipes are connected to tbe upper and lower sides of the fine, there will be a ooDOtMit oiicn- 
lation in the feed- water pipes. 

Charles T, Boardmans armngemeDl for a boiler consists of two cjlindrieal boUers A A, Piga. 955, 
956, placed side by side, and one inclined tubular boiler B, arranged below the near portions of tbe 




cylindiiwl boilers, to which I. _ ..__ _ 

mcnt is to provide for the collecting and retaining of the sedime . . ... 

coolest portion of Ibe fjennraltng apparatus. An air-duct b and a mixiDg-cbamber H for the ad- 
misaion of air from the nsh-pit. L, ii mix with the gases of combustion, are also pecoliiu to this 
boiler. D D are wnlla Tor setting ; E,thepier: F, connected parallel upright walls; i^, the retnm 
flue: G, the flre-placc; I, J, tlfc bridge-walU ; >l d, fines. 

Fig. D57 is a longitudinal Tertical section of the Field boiler. The furnace ii eoastracted of 
brickwork in the ordiaar; manner, a large flue or chamber being Formed at the back, into uid 




through which tho heated products of combustion pass lo the rhimney. Across this flue or chamber 
are placed a number of inclined cast-iron tubes n, connected by flnnged joints with bolts and nuts 
nt their higher eitretnities to a longitudinal cast-iron tube h, constituting the main Bteam-nMce. 
A corresponding longitudinal cast-iron ttibe, similarly connected to the lower ends of tbe inclined 
tubes, and protected by brickwork from the direct action of tbe products of combustion, eerres as 
an equivalent for the waler-casing employed in the ordinary vertical Field bailer, and constitnteB 
a receptacle for the collection and deposit of sediment. The undcr-sidea of the inclined cast-iron 
tubes have boasex cast upon them, aa sliown, and tapering holes arc bored, into which the wrouglit- 
iron Field tabea, it, are drifted in such manner that they hang down into the flue. On the upper 
part of the inclined pipes are formed a number of bnsBes, through which boles are drilled above 
each of the Field tul>es. and rather larger in diameter than tbe latter, thus affoiding ready means 
of access not only to them but likewise to other parts oF the interior of the boiler. Each hole is 
closed by a tapering plug, secured in its position by two bolts and nuts. Tho radiation of heat is 
prevented by iron plat™ resting on ledges above the inclined tubes, and covered with ashes. 
tJasl-imn plates ere placed across the upper and lower parts of the flue, for directing the course of 
the products of combustion, so that thev may impinge in the moat efllcLent manner upon tfie Field 
tubes, the circulation of the water in which is of a very perfect character. 

Wright's diagonal seem l>oiler is shown in Fig, 'J5S. It will be observed that in this boiler no 
three comers meet ; this renders tlic boiler much stronger than the ordinary straight seam boiler. 

Figs. !I59, 961, show sections of Hawksley, Wild, and Co.'s single-fiued, and Fig. dGO oioos- 
section of their donble-flued boiler. Tbe flue is strengthened by flanging the smaUer rings of 
plate: each flange in tliis flue is an expansion -joint, which allows the separate rings to expand 
and contract without increasing the steam upon the ends or ehcll of the boiler. A, Fig. 961, 
shows the combustion.«hambcr. 




Martin BenBcm'Bhigh-presBDre boiler is Bhown in Fi^. 9C2 ta9G4. Fig. 9(i2iBa Tront elsTBtioQ, 
showing ths reoeivet' and circulating pump; Fix. 063 ia a longitudinal Bection of the lioilor; and 
Fig. 964 a transTsrse aaction at right angles to Fig. 9B3. 

The boiler U compoeed entirelv of tubes, A, Fig, i>63, arrauged in a seriesof horizontal rows over 
the flia. B B are doorwavB at the front and back of the boilat. for fixing, disconnecting, and 
taking out the tubes. C, Fig. 962, is the water and stoua leceiyer ; D the circulating pump, which 
draws its supply of water from the receiver C, and is worked by the mnall donkey-engine E above. 
F ie the mam supply-pipe from the circulating pump, to nhich the lowest tubes of each section of 
the boOer are connected. G is the main delivery-pipe, to which the top tubes of each soctioD are 
joined, and into which the water and ateam together are delivered from the tubes and thence 
discharged into the apper part of the receiver C. 

The steam generated in the tubes is driven up with the water through the tabes and dis- 
charged through the pipe G into tlie receiver 0, where the steam and water are separated ; and 
the water is then agam taken by the circulating pump and returned into the tubes. In starting 
the boiler, the receiver ia supplied with water until its level reaches the fifth or aiith row of tubes 
from the bottom, aa shown by the dotted line ; aa the ciroulating pump is standing atill at first, 
In oonaequenoe of having no steam to work it, tiie slide-valve ia allowed to be lifted off its face by 
tlw j at mtm of the water, and lets the water flow past the pnmp direct through into the tubsa. 
The Are ia then lighted and *team railed bom thewoter in toe tnbea, which starta the circulating 



Benson's boiler whs Aral introduced in the United Slates, but the one wo haye doMribed hma 
for many yenre supplied Bt««un for a GO-H.F. steam-engine at James Biusell and Sona' work! at 
Wednesbury. 




introducticm of a reeervoir nr stcam-cheet : 
steam ae it is Ronctatcd, thereby providing dry, and, to a con- 
sidemble extent, superheated steam; and at the same liino tlie 
action of this boiler is to tlirow a thin body of water to tho 
heating-Buifaccs, by which means steam is rapidly generated 
by a smatl quantity of eonccntrated heat. 

The boiler, Fi^. 9<]5, is thu one which lender and Child 
construct for small purposes. It has a cast-iron Terticet cnHe, 
with a copper cone or shell ; the Bup]>ly-tank is fonue<l round 
the cane and sides, and is heated by the flues on llio reverse 
Hide. By this means mneh of the heat is utiliTod. Tho boiler 
shonn in Fig. StiS is usually heatud by f>HB when not more than 
2-horse power is required, but this boiler is easily niranged so 
that ordiuary fuel may ho euiploycd. 

Locuiiiotice Doilert. — We give, with wime fllterntions, tho fol- 
lowiDg illustrations of locoinotive itoilcrg from Zerah Colbum's 
valuable work on 'Locomotive Engineering.' 

In a loromotivo boiler the outside and insido iire-boica are 
:, the former of iron and tho latter of copjHir. The ' 



space between them, and which completely surrounds the ir 
flrc-box, is closed at tlic bottom by a squ ' "" ' ' 

bent and welded to tho proper form, ti 




a square bar. This bar is 

„ ,,.„,,_. —rm, to extend around the 

bottom of the insido fire-box, and it ia riveted and tightly 

eaulked to both fire-boxoB. Tho water in the iratcr-Bpaees is 

in free commuuicntion with the rest of the water in the boiler : 

and thus tho fhit sides of the resiicctivo Jire-boxea are cxpoBcd 

t<) the full pressure of the Bleam. which tends to burst the outside firc-lj'';, and to collapse the 

inside flre-box. TiiCBe flat sides, by tliemselves, would bo unable to resint the strain upon them : 

but as tho strain upon the tL'spective Urc-lxixes is in opposite directions, and nccesBarily equal 

for equal areas of surface, tie-bolts, or, as they arc rall^ stay-bolts, are screwed thiough the 

plates at fre<|uent intervals, so as to connect the two flrc-boxcB securely together, the ends of the 

stay-bolts being also riveted, or spread out by hsnmicring bo as still further to incroBBe their 

holding power. 

Tho flat top of the inntdc flro-hoi is of course e<|iinlly wenk with the sides. It could not be 
satisfactorily Bccured by slay-liolts to the roof of tlie outside fire-box, and it is stiffened, therefore, 
by a series of iron bar^', placed oti odRC, Mid of considerable depth, and which arc firmly cwi- 
nected to tlie roof or crown of tlie inside fire-box by rivets. The roof, therefore, can only be 
crushed downwards by iMjudin^ 'he»e liarD, which are of great strength, at tlie same time, lliese 
bars Dsually extend in the dircclion of the length of (he fire-liox, as shown in Fig. SMHi ; but they 
may extend across it, as shown in si^tion on the roof of the inside fire-box in Fig. 9(17. These 
stay-bars bear on the fire-box unly for a short distance at each end, iron rings or washers being 



interpoged between them uid the roof-plate at the points where the bolts or riveta which laoiire 
the bUB paw through. Ttiis permita too water to circulate under the ban, and prevents the roof- 
plate from being burnt, ae it woiUd be if the water were excluded from the whole under-eorface of 
the staf-ban. 



A horiionlHl entte of tbiu and deep bars ie fitted ai 



, forming the 
plate. Theoi 



door has to be made through the plntes of both fire-boiE!a ; and in order to keep the wnter-spaoe 
tightly closed, a ring of iron, of which the inner diameter corresponds with that of the door, is 
riveted between the outside and inside plates. 

Thin brass tubes, generally 2 in, in diameter, and from 10 ft. to 12 ft. long, are employed to 
conduct the hot gases fVom the fire-box to the chimney, the Dumber of tubes varying, aooording 
to the size of the engine, from 100 to 200, or more. The arrangement of these tubes, the upper- 
most row of which is covered by from 6 in. to 6 in. of water, is shown in all our sections of 
locomotive boilers. The front plate of the inside fire-bol and the front plate of the cylindrical 
portion of the boiler are accurately drilled, to receive the ends of the tubes, which pass through 
the plates, and are made steam-tight within them by means of ferroles of wrought or cast iron, 
wbicli are driven into the ends of tho tubes, so as to force them tightly into contact with the 
interior surfaces of the holes in the tube-plates. Such is the tightness with which the tube^nds 
are thus secured in their plates, that not only is there no leakage of water, as long as the joints 
are kept in good order, bnt the tubes serve as ties to prevent the respective tube-plates f^m being 
forced outwards, as tbey otherwise would be, bv the pressure of the steam. Through that portion 
of the boiler above the tubes a number of tie-bolts extend longitudinally from the smoke-box tube- 
plate to the back-plate of the fire-box, to hold these plates together againist the pressure of steam 
tending to force them apart. 

The tubes lead into a closed chamber, formed upon the tiont end of the boiler, and called the 
smoke-box. Although the smoke-box has a removable dooi in front, this is tightly closed when 
the engine is ready for working, and then there is no inlet of air to the smohe-box except through 
tbe tubes, and no outlet except by tho chimney. 

Before steam is raised, and whan the boiler is empty, it is first filled with water to the height 
of a few inches above the fire-box, by means of a boee connected with a cock placed on any con- 
venient part of the boiler. In order to know when the water is at the right height there are two 
gauge-cocks fixed in the back-plate of the Sre-boi, towards the engiueman's foot-plate, the one 
ouck a few inches above, and the other as much below the proper level of tho water within the 
boiler. These cocks have steam-tight fittings connecting them with a glass tube, within which 
the water, having free access from the boiler through the lower coci, is free to rise and fall, the 
surface of the water in the glass being under the pressure of the steam, freely admitted from 
the boiler through the upper cock. The water within the gauge-glass tlius has me same level as 
that in tlie boiler ,- and the engineman has only to look at this glass to see what the height of the 

To prevent cinders and livo coals from falling through tho fire-grate upon the line, and partly 
for another reason, an nah-p-in is fixed beneath the fire-box, and a few incbes off the rails. 

It is often important, when the engine is standing, to prevent any access of air to the fire-box ; 
and hence the ash-pan is made to fit tightly to the fire-box on all but the front side. This side ia 
opened or closed at pleasure by a liingi-d phite, called the damper, which is adjusted by a rod 
worked from the foot-plate. When the engine is running rapidly, with the damper open, a slight 
advantage is also gained by the rush of air into the aidi-pan. At 60 miles an hour, or 88 feet a 
second, the pressure of the air against tlie moving surface would be over I oz. a square inch, or 
9 lbs. a square Coot. For countries where much snow falls, it is neceBsnrv to have a damper also 
at the hind end of the ash-pan, as otherwise it would soon become choked with snow when there 
was more than a few incbes in depth of this upon the ground. In going forward, the front 
damper is then closed and the bind one opened. 
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The putioolus ire have just Kiven ore well illiutmted bj Vig. 9 

boiler dedgaed fbi ■ goodu locomotiTe bj John BKmabottom. Fig. 96£ 
and steam-pipe. 

Tig. 967 indicates the type of l>oilor need for paascngor locomotiTos b; tlie Begers LooomotiTe 
and Ukchine Worke, U.S. 




Fig. 96S repreaeats the boiler designed by Jnaeph Boittio, and used on the Loodra Mid Sonth- 
Wertem Bnilviij, for bumiDg coal without smoke. The fire-box ia divided by an inclined wftter- 
putilion into tvo eompartmeDta, each iiaTing its own door, flre-gnite, aah-pan, and damper. Tba 
principal fire is maintained in the box neateet the foot-plate. The gtues neiDg from the c(mJ atb 




met by a Danibar of line streams of air entering tbrougli tlio perrnnited door, and both the gas and 
air rise through a graline of fire-clny tiles into the upper [lart of tlip second flre-boi, on the gmte 
of which coal is burnt only elonly, with a slight and carefully-regulated admission of air through 
the front damper. 

^ The mingling air and gsiies are deflected downwards bv a hanging water-bridge, over a Bra- 
brick arch and through a aerieg of fire-clay tubes into a comFiustion-chamber 4 ft. 6 in. long, from 
which more than 375 small boiler-tubes lead into the smoke-box. 

The boiler shown in Fig. UG9 was designed by John Hnewcll for the Austrian Slate Railwayi. 
It is used in steep-gradient lowiinntives tor Kitnea of 275 ft. radius. 

Fie. 9T0 shows the form of boilor constructed by Jameu Cross for passenger eDginea on the 
St. Helen's Railway. 




Mid Co. for the Stockton utd Darlington Bailway. 
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Fig. 972 U the type adopted 
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Of an the boilers we have enumerated, none ia snperior to the Whittle boiler. 

Bee CosDENHKM. CoRNiBH Enqihes. Detailb of Ekoinkh. ENQDiKg, ixiritiin of. BZPLO- 
M0N8 : Sailer. Qeibo.t.. Incbcbtation of Boitem. Joints : riwted. LocoMOTiTBB. Uiaihb 
En<3Iiie8. Paballel Monona. Pyboketebh. SuDE-VALVKa. Stationaby Esmhw. Stkam 
and the Steas-Enrine. Valves, 

H'or*j re/ut.nj to floiVfn .-—' Report of the Committer of the Fnmklin iDBtitnte on the Strength 
of Materials for Rtaim-Boilers,' PhiUdolphia, 1837. R. AnnstronR, ' An ¥aa».y on the Boilen 
of Stettm-Engines,' Svo, 1833. T. Wickaleed, ' On the Coraiali, Boulton and Watt Pumping- 
Engincs, and Cylindrical and Waggon-head Boilers,' 4to, 1841. T. Craddock's ' Cliemistry of the 
Steam-Engine,' 8¥0,1847. B. H, Bartol. 'A Treatise on the Marine BoUcca of the United Stote^' 
PhiladelpLio,' 1851. Armatrong and Bourne, -The Modem PtactLce of Boiler Engineering,' 
crown 8to, 1850. A. Armengaud, ' Traite Tiieorique ot Pratique des Moteurs k Vapeur,' * vols., 
4to, Paris, 18G1-2. B. F. Ishorwood's 'Experimental Researches in Steam Engineering,' 2 volB.,4to, 
" " ^ . ^ . .- ■he^eft ■" "■■ " ■■ '" '•"" " " "-— * 



New York, 1863-65. F. A. Paget, • On the 

'Modem Marine Engineering,' " '* 

Water-Tube Boilers,'^ 8vo, 'Ti 

Zcrah Cnlbum's 'Locomotive Engineering,' imperial 4to, 1869. 

W. J. M. Bankine, 'Manual of the Steam-Enginc, crown 8vo, ' 

1869. 

Sec also nipers bj Dunn, Colbnm. Rngsell, Perkins and 
Williamson, Xongridge, Gondfellow, t!j>encer, and others, in 
the ' Transactiona of the Institute of Meehanical Engineers.' 
and ;papers by various authors, in the 'Trans. Inat, Naval 
Archilecta.' 

BOILER-PLATES. Fb., T6It a chaudUrr, rto/c; Gbb., 
Kettelplatteii ; Ital., Lamicri da caldaie. 

See Bridges. Biveted Joibm. Steehoth or Materials 

BOLSTEBS. ' Fh,, Lslampcs, pcrfoires ; Geb., Lockschfihm ; 
Ital., Caidnetio. 



'andTeaiof8team-BoilcrB,'evo,1865. N.P.Bu^h, 
Pendred, " On 
Soc. of Engineers,' 1867. 
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Bolster, — In caipentry, & short piece of vood, Yig. Oli, interposed horinmtally between the 
head af ft post and a beam which it aupporta. It la alitn called a corbel-piece, aa it abortem the 
bearing between tbe posts. The chief uae, however, of a boleter ia to prevent the head of the poat 
cruBhing into the part of the beam which leats on it, when the latter is heavilj loaded. BcJstera 
are genenll; used in timber bhdgea, masoDB' Bcafiblding, and ea on. 

The term boUtei has aUn be^ applied to the pieces or timber placed across the ribs of the 



BOLTING MILL. Fb., Blutoir; Ger., BtuUlmSAU; Ital., Buralto, Fnllone; Bfak. Cadaxo. 

See Bahn Hachinebt. Floub Hills and Floub Uaohikkby. 

BOLTS. Fb,. Bouloai; Geh., Boiiea; ITU.., CModiapemo; 8f*K., ariOos. 

See NuTB and Bolts. 

BOKD. Fb., Appareil, AiuwHagt ; Geb., ifatwrMriaixi ,- Ital., Legamtnto dai mattoai. 

Bond is a mode of eoimecting two or more bodies by overlapping. 

In Briclmork and M/aonry, it ie the mode by which a number of email pieces are combined to 
form a large mass so that no joint in a conrae shall occur oier a corresponding joint in the next 
course, which is termed breaking joint. 

Bricks are usually in length about twice their width, aad in thickness about one-third of the 
length. For bonding, however, the latter dimension is not of much importance, provided it is 
uniform in all the bricks of a oom«e. 

When a brick ia bo placed in a wall that its greatest dimension is at right angles to the face, it 
is called a header, and when parallel to the face it ia called a airetcfter. 

The methods of bonding brickwork generally adopted in England, are known as Old Ei^lish 
Bond, Flemish Bond, and, to a limited extent, tiarden-wull Bond. 

In Old Englisli Bond, Fig. 975, a conrae of headers alternates with a course of stretchers. 

In Flemish Bond, Fig. 97(!, headers and stretchers are placed alternately in each course. 

In Garden-wall Bond, Fig. 977, one header is placed at the end of every three stretchers in 

Of the three methods of bonding, the Old English is the strongest, and takes leas lime to 
build than Flemish Bond ; the joints are more nniformly broken than in the others, fewer ball 
or broken bricks are required to make the work aolid, it contains more headers, and oonsequentlj 
there must be a better tie between the face and heart of the wall. 
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Garden- wall Bond. 



3Bks. 



Figs. 978, 979, 980, 981, and 982, show sections of walla in Old English Bond, trom one to 
three bri<^B in thickness, with mode of bonding tbe heart of inch walls. 

Flemish Bond is considered to have a neater appearance ; and in cases where a wall is faced 
with bricks of a superior quality, a leas number is requited than in Old English Bond. 

Fig. 983 is a coarse of bricks laid in Old Englisn, and Figs. 984 and 985 are com«e« laid in 
Flemish Bond ; in the former the bricke all fit close together, and none of them require to be 
broken, or snapped, as it is termed, except the closer, the reason for which will be explained 



Q Fig. 983, 01 the hewt or the 
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G>rdeD-wKll Bond ia, ae the term implies, chiefly used in tlie one-briok mUa wo tnqruaMj 
Beon between the bsck-yuds or Eardena of town reiidencea. The neoeadtj of preMrring a tti 
face on bolh Bides of the wall ie tiie caiue of this bond being used, »«, owing; to tb« dUBcuItj of 
procuring brii^ka all of one size, it ia impoflaible to build ■ wail one brick thick in whiofa both 
of the Ride« can be worked fair, in either Engliih or Flemish Boad, partionlArljr the fonner. 
This it ahowu in Fig. 98G, which m a oooiBe of headerB laid in Engliih B^id. 



m 



Fig. 987 shows how, by the use of Garden-wall B<Hid, thii irregolaritj in the liEe of the biicka 
u Tendered leu aoparent. 

One-brick waUs are freqnentlf ballt in Flemiah Bond, bat ooe-half of the hekden reqaiio to 
be snapped, which leAvet no more cross-tie than Gaiden-wall Bond, while the longitadiiwl tie ia 
not to good. 

Id half-brick walls stretchers only are used : this is called cliimney bond. 

In Belgium and north of Germany the system of bond used is that called KmlaTerhend, 
Figs. 988 and 989. 
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KruiiTerbuid, French Uititary En^Men^ B<md. 

The hettding and strelehlDg oonrseB are ss in Old Enelish Bond, hnt the alternate stretching- 
oonrses breai joiat, while the joints of the oorrespoodiiig ueadtng-counes fall one over the other as 
in Old ^glidi Bond. As more of the joints are broken thui in the other method deecaribed, 
this bond is considered to be the strongest of any. It does not, however, preaent ao mufoim an 
appearance, as the Flemish or Old English. 

The French Corps du Genie prefer to build the face of their walls with all header^ a* hi 
Fig. 990; but to obtain a tie between the face and heart of ^, 

the wall, they place alternately in each oourne a halt-brick, 
or but, as shown in Fig. 991. 

This mode they assert has the advanti^ of offering 
more resistance to disruption than any other. The longi- 
tudinal tie, however, is not so complete ss in the English 
and Belgian systems, the joints being abont Mie-tenth more 
numerous, and the waste occasioned by cutting the bricks is 
greatly to its disadvantage. 

In the heart of a thick wall it is considered advantageous to lay ocoasionall j a ootuae ai bricke 
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in « direction inolined to the fitce, as in Fig. 992. It is known by tbo n«me of I>iagtiDBl Bond, 
bii<i -when the direction of tlie brick ia nvaned in the next coiuse thi» afiitem adJit Btren^'th to the 
ira.ll ; but it ia attended with the dindranta.ge of having to cut the bricka to fit the back of those 
an the face. 

Vram the fact that bricks are made in width equal to hnlf their length, it becomes necessary, 
in order to break joint between the bricka of two adjoining courses, whether the; be laid ss 
lieaden oz atretchera, to insert a qasrtei-brick in one of them at starting. This ia oilled a king- 
closer, and ia usually inserted in Old English Bond after the first brick is laid in the heading- 

ooorae, and in Flemish Bond alter the Qrat headers. They are shown in Piga. 975 to 9TT. 

In the French, and aometiiuea in the Belgian methods of bonding, the same result is obtained 

by starting one of the two adjoining oonrsM with a stretcher cut to thre^uartera of the usoftl 

length, oiled » qneeu-closer. 

Xhe hood adopted in Atklar masonry ia similar to the bond used in brickwork ; closers, howevei, 

«re seldom used in masonry, as the stonee in the courses can be cut to any length leioired to 

tn&ke a perfect bond. 




DiaeoDsI Bond. 



^ In wMb ot rabble masonry &om I ft. to about 3 ft thick, It is nsual to have at intervals of 
J^notn 4 to 6 ft. a atone called a thorough, which runs from the back to the fiont, and so binds 
J™* Iran tOKOther; bnt in thick walla, owing to the great length of the alone required, two stones 
"^ U gre*t length as can be ptocnrcd are mule to lap in the middle of the wall: nnd in very thick 
^^ ^ll a, wbere stones cannot be found long enough to tap in this way, a third stone i. Pig. 998, 
??^Ue«J « tail or Aaort bond, is used to connect the two boml-stont) or binders in the face of 
■*"« -waU. 



spedal modea of bonding htiTe been adopted b works of masonry where great atrength 
reqnired, as in scfr-walls and similar constructions. That used by fimeaton in building the 
'dntoQe lighthouse consisted of a system of dovetailing and dowelling, for a detailed description 
"rfaich the reader is referred to his account of this great work. See CoNSTBtroTtOH. Masohbi. 
Stmd-Ctmrte. — A conrse or horizontal layer of some material built at intervals into a wall in 
sr to strengthen it. 

'^'hen o! brickwork, and buUt into rubble-stone or flint walls, it is termed a lacittg couru. 
2 Xv brick walls bnilt with ordinary mortar, two or three courses of bricks in cemml are some- 
**"***»■ Iftid below the floor-line of the msemenl atory of dwellings to prevent damp rising. In this 
^^^^they wonld be called a damp ooorse, 

V*ormerly, oonrMS of wood-bond, called chain-bond, were much used in building where there 
^^^'*^ umially aae or more tiers lo each atory. The siie was about Sj, in. wide by 5J in. high, or 
^*'*^]. to the spaoe occupied by a course of brickwork two bricka in height and two in width. 
^-- '•k.'beae bond-timbers went all round the walls and cross-walls, and through openings, from 
;^'*'*^A they were afterwards cut out. They were connected at the angles, and no doubt tended 
^^ Ti to strengthen the building for a time ; but sooner or Uter decwy set in, and the destruction 
,e building was the consequence. That and the increased danger from the effects of flro ren- 
'o-bmid objectionable, which has in later years caused it to be almoat atiandon^. 
- '- d of flr, 4} in. wide by 2| to 3 in. thick, is now more genemll; used, Icm as a 
than a means of fliing battens or other finishings which ore uailed against the 



o«d at interrala of from IS in. lo S ft , 
-k'noDgh oonmion bond is open to the objectioii 



called r. _ __ 
I the strength of the battens, 
urged Bigainst chain-bond, but ii 



uaually 



— , —^ , D of wood bricks, which are only short pieces of common bond about the size of an 

■^t^^ ***f7 fariok. The act of driving plugs shakes the wall, and destroya the adhesion between 
^ %ricks ajid mortar, and wood bncks shrink in time and drop out. 

%anging-bond should project a little beyond the face of the wall lo permit a f>ee circulation of 
^t the back of the battens or other work which has been fliad lo it. 

C^munmi bond is usually deecribed in specifications to be put all round each story in one or 

tiers: all joints to be properly lapped at least S in., and the angles bslved and notched or 

No bond-timber should he permitted in an underground utory, as its decay would be 

|^« rapid and the danger to the brickwork resting upon it greater than in the upper atoriea. 

■ «■_ "When walls require strengthening by the use of ixind-coursOB, hoop-ina is much to be preferred 

r** -^rood. By its - ■ ■ - ■ -■ ■ ■ 

^\ in liss-litni 
* oUier end. 
AUhooghoDlj 4) ft wide on top, after another 20 ft. in length had been added to one end, a 
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counterpoise of 28} tons wns added to the other ; yet it bore this enormotis weight for npwmtds of 
three years, and probably would not then have ^ven way if it had not been for a considerable 
settlement which had taken place in the foundations. Cracks appeared in the work, and, the weA 
getting in, it expanded during a severe frost, and so caused the failure of this wonderful piece of 
construction. 

Several pieces of hoop-iron, 1} in. wide and -^th of an in. thick, were used ; also pieoee of flr, 
1} in. square, which did little more than assist in retaining the bricks until BuiBcient adhenon 
had taken place with the mortar to allow the hoop-iron to take effect. 

Hoop-iron bond had also been used by Brunei in the large circular shaffcs, 50 ft. in diameter, 
leading to the Thames Tunnel, which were built above g^und, and lowered into their places — a 
depth of 42 ft. — by excavating underneath, an operation successfully performed without a eraek 
or flaw, which was considered to be due in a great measure to the use of the hoop-iron. 

To prevent decay when in contact with the wet mortar of the walls, the hoop-iron should he 
well coated with a mixture of tar and pitch, and afterwards with sand. The form in which it was 
most generally used in building is that known as Tyerman's Patent Hoop-iron Bond, Crast 
1} to 2} in. wide, and from No. 6 to 
No. 15 Birmingham wire-gauge in ***• 

thickness. It is prepared from the . •i yy 

ordinary hoop-iron by notching it at 
intervals of 12 in. on both sides al- 
ternately. Fig. 994, and turning in 
succession, in contrary directions, a 

triangular piece, so as to form claws, which catch in the brickwork and effectually prevent its 
being drawn out by any force short of tearing tlio iron asunder. In modem practice, however, 
the notching has been considered unnecessary. 

Tiers of two or more strips, according to the thickness of the wall, laid at every 3 ft. in height, 
have been considered sufficient in most cases. The mode of laying each tier is to place a strip on 
every half-brick in the thickness of the wall, continued over the whole length of the work, r^ud- 
less of openings, as in wood-bond. Afterwards the parts across the openings are cut so as to leave 
a sliort piece protruding, which should be turned down against the face of the jamh. At all jmio- 
tions it should be lapp^, and the pieces carefully hooked to each other. 

In footings or in thick walls exposed to great strains, strips of hoop-iron should be laid diagon- 
ally, interlacing with those laid in a longitudinal direction. 

Bonding-courses of dressed stone have been used with advantage ; they should be cramped 
together at each joint. 

The ancient Komans used a large flat tile, about 2 ft. long by 18 in. wide, laid at intervals of 
about 4 ft. in height. Bonding-courses of this description, however, are more applicable to rabble 
masonry than to block-stone or brickwork. 

Bandinu-bricks are bricks of greater length tlian those of which the wall is buOt. They are 
used in hollow walls to tie the two faces together. Their length should be as much longer than 
the ordinary brick as the space over which they bond. 

Some very effective bonding-bricks have been introduced 

by a London manufacturer, the ends of which are of a dovetail <—-----— «#•►. ^ 

shape. Fig. 995 ; and, wliere the precaution is taken to cut the /\ ^^ ^^' ^^jT'^ WV\ 
adjoining bricks to fit, nothing can be more effective. / Vwk^l^^PP^^^^N 

These bricks are usually made non-absorbent, by being ^ ^ ^^^ 

glazed, so that damp cannot be conveyed by them from the 
outer to the inner skin of the wall. 

When ordinary bricks are used in this way for bonding, 
they should be dipped in boiling pitch, or tar, to prevent the damp passing from wall to wall. 

BOND-COURSE. Fr., Chaine ; Ger., Band; Ital., (Mtena. 

See Bond. 

BOND-TIMBER. Fb., Piece d* assemblage ; Ger., Binde mizer ; Ital., Catena, 

See BoND-CJouRSE. Fir in Bond. 

BONE-MILL. Fr., Moitiin a os ; Ger., Knochenmuhle ; Ital., Fmntoio delle ossa. 

The mill invented by E. P. Baugh for grinding bones, ores, and other hard substances, is shown 
in Figs. 996 to 1001. Baugh*s improvements refer to that class of cast-iron grinding millR^ the 
cutting and triturating surfaces of which are made in the form of a frustum of a cone. The shell 
and burr are constructed of a number of cast-iron grinding sections, fitted and held together in a 
peculiar manner (which will be described presently), so that the sections can be readily removed 
to make way for others ; the dress of the mill being thus rendered changeable to suit the substances 
to be ground ; while the mill itself is more economical, both as regards its original construction and 
its lasting properties, and the variety of substances which it may be arranged to grind, than mills 
of the ordinary construction. The grinding sections of the shell nre back^ by an exterior casing, 
between which and the base, to whicli the casing is secured, are confined the sections, so that the 
latter can be readily disconnected from the mill. The several sections of the burr are secured to 
a block between a lip or ring, or other projection, at or near the lower edge of the latter, and a 
ring fitted to the vertical shaft, which carries the burr so that the sections can be readily detached. 
The ring, which aids in securing tlie grinding sections of the burr, has grinding teeth formed 
thereon, and a breaker or stirrer is fitted to and turns with the vertical shaft of the mill ; provisian 
being made for rendering it easily detachable therefrom, so that different forms of breakers may 
be applied to the mill. Certain detachable sections are used, acting in conjunction with the 
breaker for preliminary grinding ; these sections being fitted to and backed by a casing, and held 
in position by a cap-plate secured to the same, and carrying the bearing for the vertical shaft 
which carries the burr. The vertical shaft, with its burr and other appendages, are supported on 



K aliding itep oootrolled by a lerer uid an adjuatahle weight, which tends to elevate the burr, but 
is limited in this tendeocy by a screw or other adjustable stop, the burr by this arrangement being 
tnaintainad in the desired proximity to the shell, but being preienled from coming in contact 
therewith and injuring the grinding surfaoes ; the burr, at the aame time, being at liberty to yield, 
should a pieoe of iron or other refractory material find its nay between the grinding auifaces. In 
order to reduce TrictioD and Tacilitate lubricatioo, a double cone of steel is interposed between the 
bottom of the verticsl shaft and the bottom of the step in which the shaft turns. 

Fig. Q96 is a half section and elevation of the improved mill ; Fig, 997 is a sectional plan of 
the upper portion of the milt ; Fig. 998 is a simitar view of the lower portion ; and Figs. 999 
to IDOl are details, which will be referred to hereafter. A is the beae-plate of the mill, secured 
to a foundation B, and on this plate are fitted suitable bearings a a for the horizontal shaft c, 
the latter being fnmished at one end with a fly-wheel, and between the bearings a a are fast and 
loose puUays bb'. At the opposite end there is a bevelled pinion F, gearing into a bevel-wheel 
O, which ia so secured to a vertical shaft H, that both must turn together, while the shaft is at 
liberty to slide up and down through the boss of the wheel. This shaft has its lower bearing in 
ft step I, shown on a larger scale at Fig. 1001 in a casing V, and which is seemed to the l»ae- 
plate A, as are also four colomas J J, which support the lower plate K of the mill and its 
flt^entruoture. 




To the vertical shaft H is secured the burr of the mill, which coneista of the block L, of cast 
iron, and the detachable c»st-iron grinding sections «, the block being of the form, or approiima- 
ting to the form, of the froatum of a oone, Ihe sections oonforming in shape to that of the block, 
aad bkng secured thereto in the following msnner :— Eonnd the lower edge of the block there is 
■ ring/, and against the inside of the upper projecting portion of this ring bear the lower ends of 
ttie delMbftUe CMt-iron sections e, the latter having at their npper ends lips or flanges bearing on the 
hqi of the Uook, Hid confined thereto by set screws or bolts A. The form of eai^ section u such, 
Uiat one Metfam will fit BocDnlely agamst the adjacent SMtion, the whole of the sections thus 
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The shell of the mill also consists of a number of cast-iron grinding sections t, fitted togeCher 
edge to edge, and backed by an outer casing M, of the form, or approximating to the fonn, of a 
frustum of a cone, to which casing the sections are fitted, and by which they are held in pUuse, the 
lower ends of the sections being confined between the flange j of the casing M, and the flai^^ k 
of the cast-iron ring N, by bolts m, which secure together the casing and the ring^, the latter 
being confined to the plate K by bolts n. In the present instance the case M ib oairied a|nraids 
in the form of an inveried frustum of a cone, and is lined with detachable cast-iron aectioiis /x, 
which are held in place by the cap-plate P, secured to the top of the casing M', this plate having 
openings s s, and a central boss 9, through which the shaft H passes, and in which it turns. 

A ^tionary nut Q, connected to the boss of the cap-plate P, receives a screw B, the upper 
end of which is provided with a hand-wheel S. It ¥rill be seen that the shaft H has a femXber f, 
adapted to a groove in the block L of the burr, and to a similar groove in the ring g of Fig. 1000^ 
above which a sleeve T is fitted to and turns with the shaft, as it has a gioove to receive Uie 
feather. To the sleeve is fitted what may be termed the breaker. Fig. 999, which oovudBta of a 
boss U, having one or more projections u, the sleeve having grooves adapted to keys or feeUicn 
in the boss of the breaker, Fig. 997. Both the breaker U and the sleeve T, as wdl as tiie ring 
g and the burr, are confined by a nut v adapted to screw threads on the vertical shaft H. 

The foot-step bearing I, previously alluded to, consists of a cast-iron box, arrange to slide in 
the cylindrical casing Y secured to the base-plate A, and is furnished with a steel bush v, in which 
turns the lower end x of the vertical shaft H. Between the bottom of the shaft and the botloai 
of the bush intervenes a double cone x\ of hardened steel, made somewhat less in diameter than 
the shaft, as shown clearly in Fig. 1001. 

A lever W, passing through a slot in the casing Y, is hinged at one end to a pin on a stnd ^ 
secured to the casing, and b^irs against the under-side of the step I, the lever being connected at 
its opposite end by a link X to a lever X', which is arranged for receiving a movable weight, and 
is hinged to a bracket Y, secured to the plate K ; a set screw, 2, adapted to a nnt on a stand, 9v 
secured to the base-plate A, serving to limit the upward movement of the lever X'. 

Prior to setting the mill in motion, the lever A' is so weighted as to more than balance the 
vertical shaft H with its burr and breaker, so that the said sluift may have an upward tendency, 
which, however, is limited by the set screw, 2, the latter determining the distance apart of the 
finding surfaces of the shell and burr. By this arrangement the grinding surfaces are maintained 
m sufficient proximity to each other to act properly on the material to be ground, but will not 
come in contact with each other ; at the same time, should a piece of iron or steel find its way 
between the grinding surfaces, the burr and shaft will yield and prevent injury to the milL 

The shaft H and its burr and breaker having been caused to revolve m the direction of the 
arrow, the bones, quartz, or other material to be ground, are passed through the openings a a in 
the cap-plate P, to the conical space bounded by the detachable sections p. Here, by the combined 
action of the teeth or dress on these sections, and the revolving breaker IJ, the material is fiaetured 
and reduced to comparatively small fraprments when it has reached the ring g ; by the combined 
action of the teeth on the periphery of which ring, and those near the lower portions of the sections 
Pf the material is reduced to a condition which permits it to enter the space between the grinding 
sections e of the burr and those of the shell. As this space becomes padually narrower towards 
the lower end of the shell and burr, the material becomes gradually reduced, and finally leaves the 
grinding surfaces in the desired pulverized condition, and falls into the space within the ring N 
on to the slightly concave surface of the plate K, where it is acted on by the revolving sweep, 4, 
the latter causing the discharge of the ground material through a spout, 5, into any soiteble 
receptacle. 

Bv making the grinding surfaces in sections, not onlv can both shell and burr be made truly 
round, but the teeth can be made of the most irregular character ; for instance, the teeth or drcM 
can be formed by grooves crossing each other, or some of the grooves may be straight, some curved, 
others diagonal, according to the nature of the material to be operated on. An mdefinite number 
of changes may be made in the character of the dress when this mode of constructing the grinding 
surfaces of conical mills is employed, an important advantage, as the dress must be made to suit 
different materials, and in many cases different qualities of the same material to be ground ; a 
dress for grinding bones, for instance, would be unsuitable in some respects for grinding quarts ; 
and in operating on other substances it may be advisable for the dress of one section to diffbr tma 
that of another in the same mill. It will thus be seen that the character of the mill may be 
entirely changed by a simple and speedy change of sections, and that when the teeth of one or 
more sections have become worn, broken, or otherwise inoperative, their removal, and the introdno- 
tion of new sections, renews the mill, whereas an ordinary cast-iron mill would, under similar 
circumstances, have to be discarded. 

In removing the grinding sections, the screw R plays an important part; for should it be 
desired to remove the sections t of the shell and the sections e of the burr, all that is neoesnury 
is to first detach the nuts of the bolts m, loosen the nuts of the bolts n, and the nut v. and then 

rrate the wheel S, so as to cause the end of the screw R to bear on the top of the vertical 
ft H, and continue to turn the screw until the entire shell of the mill is elevated so fi&r as to 
permit the withdrawal of the sections of the burr and shell and the introduction of others, after 
which the shell is lowered by turning the screw in a contrary direction, the nuts of the bolts m • 
replaced, and the nuts of the bolts n, as well as the nuts v, tightened. 

Should it be necessary to remove the sections p only, the nuts are detached from the bolts 
which confine the cap-plate P, and the latter is elevated above the mill by operating the screw B 
when the sections are at liberty. After elevating the cap-plate clear of the shaft, the nnt t^ 
breaker u, and ring (/, may be readily removed. 

It has been found, after repeated experiments, that the double cone x' performs most efBdoitly 
the duty of distributmg to the lower bciuing the oil contained in the space between the bottom of 
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tho BhaTI and the bottom of the atep I, at the game time preveDting nndtie (Hetios at the point 
mbjected to the greatest shocbB &n(I atmina. This mode of iuterpoaing the double cono between 
the bottom of the shaft and the bottom of the step may be applied to the lover bearingH of all 
vertical ahafta, to the pivots of swiag-bridges and tum-tableB, and other objects having a vertical 
bearing to which great stiaias are subjected. * 

For grinding some materials it is not essential that there should be a Enperstmctnre M', and 
detachable sections ;>, or a breaker above the shell M, a simple hopper baing in many caaee all 
that is neoessary lo receive the material and dirwit it to the grinding sorfaceB; the latter, too, 
may (for grinding some materials) be straight instead of cnrved. It is preferable In most cases, 
however, to form teeth on the peripherj ot the ring g, as shown at Fig. 1000, so that it may serve 
the twofold purpose of aiding in the preliminary or first grinding, and of keeping the sections e 
of the burr in place. The lipa of these sections « may, moreover, be dispensed with, the ring g 
bearing directly on the upper edges of these sections. The casing H, too, may be made in sections, 
ot the grindiiig sections may tie becked or held together by a suitable system of metal banda. See 
AoRicuLTCBAL lupUEirBtrra. p. 12, Fig. 27. 

BOOT-MAKING MACHINEBY. Fk., XacAine4 i fain la bottei; Geb., Maichin« mr Anfin^ 
tigmtq (fer Stiefel. 

The introduction of the sewing machine greatly facilitated the operations of boot and shoe 
manufacturera, and other workera of leather. The principal leather-sewing maehiuea will be 
found in our article on Sewing Haehinei. But other 
boot and shoe making mscliinos and tools are also 
employed to economise hiboor in this important 
branch of industry, the most useful and important 
of which are introduced under the present head. 

Fig. 1002 represents Gimson's machine for paring 
the edges of heels and soles of boots and shoes. This 
machine consists of two standards A nith a stretcher 
B, a driving-sbafl D which gives motion to a 
spindle e driven with high velocity ; on tliis spindle, 
discs or circular cutters E are fixed; the boot or 
shoe is held against the cutter, the uppers being 
protected by a loose gnard which runs m between 
tho upper and the sole. These machines are easily 
worked ; a man can pare at one of tbem twenty- 
fonr dozen pairs a day: they are fitted with an 
additiooal cwnnter-ahait for gaining speed, so that 
these machines may be worked from a shaft of ordi- 
nary Bpe«d. 

A primary operation in boot-making is that of 
cutting leather into strips for soles and heels. Jean 
Pierre Hollibre's machine for effecting this is shown 
in Figs. 1003 to 1005. The leather being placed 
upon a table A, it is slipped under the frame : the 
traveller K being one of the eitremities of_the 





in it, in which the cnrved knife-blade or chisel O works when the rolor is down ; and at each 
end of the groove is providtd an opening into wliich the tiavellet K can pass. The nilur is 
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governed by two Bprmg-rodH N buried in tlie thickneis of Ihe table, and whose BpringB ftlmyn tend 
to keep it raised : tiieae Toila are coimected under the tabic by B yoke F attached to a treadle 
not Bliown in the figiues. 

When the Ipather it pushed under the rule, the treadle is depressed, thus preanng down the 
nile and keeping the leather firmly in its place. The handle It is then moved, tluowing the 
parte for moving the c^hain into gear, and tlius setting K in motion and cutting the leather. 
Arrived at the end, the traveller encountere one of the fingers 8 attached by levers T to a wd Q, 
foroflB it forward, and throws the chain out of gear, thereby arreating the traveller. The traveller 
is then let up, which wi]l allow the springs N tn throw up the ruler H, so aa to let the leather 
poBS, which is then cut etraight. 
The workman pulls the leatiier 
towards him until its stnootli 
edge comes up to the two pins 
8, and then the operation just 
described ia repeated. 

In preparing leather for 
uppers upon C. Bice and S. H. I 
Whorf 'b phin. Figs. 1000 to lOOB, 
the ehin is first introduced be- , 
tween the feod-rollers A, B, of 
the splitting mechanisui, and by 
thezu in forced against Ihe knife 
C : the upper portion of the skin 
split by the knife C passes towards and between the draught-rollers D. E, which move it forwatd 
fetween the roller F and a nuper G, which Inlter roughens the under-surfane of it. From the 
rasper Ibo leather moves over a guide-bnr W. between the pressure-roller I and the perforating- 
roller H ; and flnnlly it posses between the roller, and a brusli K, which latter revolvea throagh a 
vessel L oontaining cement, and applies the cement to the roughened surface. 

A machine for cutting out Imot and shoo sules, invented by J. W. Hatch and Henry Churchill, 
is illustrated by Figs. 1009, 1010. A is a shaft carrying at its lower end a shoe B. to which a 
puuch G is secured ; shsft A is provided wilii jouruHls which fit in boice secured to the front of 
a slide P, which, fitting in vertical guides in Ihe framing of the machine, receives a vertical reai- 
procating motion from eccentric pin p. Fig. 1010, on the end of a driving-ehaft Q. 

When shaft A reaches its highest poaitiou, a spur-wheel E comes to gear with a toothed 
segment F' on the front of a lever F ; lever F has its fulcrum in a vertical pin a, and, at the time 
the shaft A is at its highest position, a cam I strikes the rear end of the lever F and moves it round 
its fulcrum a a sufficient distance lo cause a apur-wheel E with its shaft A to describe luilf a revo- 
lution. 

When the shaft A is about reaching its highest position, the square part of it, b, tisee above 
the guide J, and the round part of the shaft d comes in contact with the guide, thiu petmittiDg 
the uinft to describe its half revolution. 

The boot-form introduced by Chilcott and Snell, Figs. 1011 to 1013, has a clamp G, <iThich con- 
sists of a strip of sufficient length lo reach from the nick at / to the top of the front-piece A. This 
clamp E is prevented from being pulled out laterallj by entering a recess i in the nick, and is 
secured at top by a latch h catching a pin i on the top of chimp E. The inflido of the strip is fur- 
rowed from end to end, and the recess in which it is received is correspondingly furrowed to hold 
the material securely. Tim clamps I, I, fitting to the outifide of the frojit-pioce and partly ovfT 
the clamp E, arts attached to screws K K, which fit in female screws in the rod L. This rod L is 
fastened at its lower end to the bottom imrt of the front-piece. Its upper end is attached to the 
front-piece by a plate I' in the manner shown in the figures. The plate P is fastened to the front- 
piece by a screw N, which can be taken out: pins/; serve to hold the clamps I, I, in position. 

Figs. 1014, 1015. refer to J. and E. Arthur's machine for cutting uppers and soles from sheets 
of india-rubber. T^o endless apron B, which has an intermittent motion, receives the sheet of 
india-rubber a ; the cloth J between the rubber and apron being properly wotted by its pasaage 
through a water-troiigh F. Two endless chains K carry the die-frames d with the heated die*/. 
The die-frames are pivoted to the chains at ;;, and aro carried by the chains Uirough the stove M 
and over the roller D. When over the roller D, tlie sides of the die-frames come under statioDuy 

Slates h, and are in tlieir onward motion firmly pressed upon the india-rubber, which is thereby 
rawn over the roller D at the same speed with the dies. The dies cut. or rather melt, through 
the rubber taking out pieces according to the sha|>e of the dies. The pieces aro conducted to the 
apron Q by means of thiu Ungers (twenty) secureil to a swinging frame r, whilst the waste still 
remaining attached to the piece a passes over rollers / and in, and between m and n, on to the 
apron o. As soon as the die-frame, after having pcrforraeil the cutting, comea round the chain- 
roller b, the extensions d of the frame will strike and puts under the pin tc, which throws up the 
front part of the die-frame so as to make room for the die-frame which posses below. 

l[i MulliiTe's niachine for cutting upncrs. Fig. lOlli. G is the piston of the steam-cylinder 
opemtiug the bed I. The skins are laid upon (he bed I, an<l the cutlers, consisting of pieoea of 
bent steel, placed upon the skins, and then steBm-]>ower applied to lift and press the table, 
skins, nud cutters, against the head-block C, so us lo cut |)iecca corresponding to the shape of the 
cutters. 

With Moliitre's machine for raspini; and dressing heels and soles. Fig. 1017, the operator 
applies the bottom of tlio sole first to the tool T. fur the puriKjse of having the rough parts of the 
leather and the jugs of the nnils taken ofl'; the sole is then epplied lo the tool /, and the heel to 
a tool r, to finish Ihc dressing. Diu-ing the whole of the opeiation the tools are kept turning 
very rapidly. 
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Figs. 1018 to 1023 refer to Molli^'s machine for cutting ont, punching, and stamping aoles. 
The cutting out, pricking, and stamping, or numbering of the size of the shoe, ia done at one 
blow, by means of punchers a, of the shape of the sole and heel, provided with prickers d^ and 
stamps e and P. mm and o are the detaching-rods, the rods m working through holea A in the 
punching-frames ; the punches are operated by eccentrics upon shaft L, which eccentrics are 
80 set tlmt the punches will, one after the other, arrive at their lowest or punching position, so as 
to distribute more equallv power and resistance. When the punchers pass upward, the pieces of 
leather encounter the rods m, which are stationary, and are detached by them frmn the punches. 
The rod Q serves as stamp, and also as detaching-rod for the heel-pieces. The workman holds 
the strip, and puts it under the puncher; but, as this must be done with great rapidity, the 
leather finds itself guided and stopped in such a way that it can be instantly moved into its place. 
The guides to effect this consist of two pieces r, forming the sides of a square — one of which is 
graduated, and has on it the numbers of the sizes. As the puncher is always in the centre, these 
guides must be governed by a single movement in their approach to and retreat from it. This is 
done by the following mechanism : — Two pieces S slide on a guide-bed, and have an obUqne 
groove, in which plays a pin fixed to the guides r ; these two pieces 8 are connected by the cioss 
tie ^, and controlled by the screw u, which, being attached to a bracket, causes the traverse t of 
the pieces 8 to move forward or backward, so &at the pieces S, by their oblique grooTes, podi 
forward the guides. The stopping-piece x is supported upon a small axis o ; it is kept down apoo 
the leather on the fiat by the counter-weight y attached to the axis, while the puncher ia emitting ; 
a spring-catch hitches under the piece r, and lifts up the stopper as fast as the puncher rises, 
which leaves time enough to remove tlie leather that has been cut ; when it gets up as far as it 
can, the piece z, which has described the arc of a circle, lets the catch go; and, being drawn down 
by the counter-weight y, the stopper falls back to its place. 

1018. 1019. 1022. 




Horace Wing's wrinkling or crimping machine, Fig. 1024, consists of a frame B, upon which ia 
arranged a crimping-plate F, so constructed as to leave its front end unobstructed. It is pivoted 
at the inner end to a fulcrum-bolt H, and operated by means of a gear-segment L, atta^ed to 
a lever L', engaging with a corresponding gear-segment I on the outer end of the lower Imib Iff. 

Figs. 1025 to 1027 represent Warren Holden's boot and shoo stretcher. If one side of the boot 
is to be stretched, a knob n is attached to one of tlie parts 0, and the corresponding side of the 
boot is properly moistened. The last is then placed within the boot, and the screw / is tamed, 
thus forcing apart the sections of the last, and stretching the moistened side of the boot If the 
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toe of the boot requires Etretching, the link il ia diaanineoted by remoring the tenw d'. The 
turning of tbe screw ', in tbe position ahown by Figs. 1026, 1027, will expnod the front ends 
of the porta. Sliould the instep require jdm. imt. 

stretching, tbe levera jj ore placed in the 
groove I, Fig. 1025, and the levera then 
expand vertically. When in tbe groove g, 
tbe levera are placed boriiontally. 

Figa. 1028 to 1030 illostnte H. B. 
Horton's crimping machine. A pieoe of 
wet leather having been laid acroee the 
jawa, it is, by the raising of them throagh 
the lever D, forced upon the crimp-form F ; 
by tbe repeated aliding up and down of 
the jawa on tbe leather, it ia thua smoothed, 
and embracea the crimp-form. Should 
there be any thin place in the leather, 
and the wrinkle not perfectly removed, 
the neareat set screw d is turned, and the 
wire b b made to project beyond the face of 
the jaw opposite the screw. The angle- 
Iran O, clamps I, and screw-rod H, serve to 
diBw tight the leather on tbe crimp-form. 

Referring to Fjeh. 1031 to 1033, wbici) 
show Daugherty'a boot-crimp, the alidea 
L H fit looeely to the arma of the elbow O. 
The nut 1 ia provided with projectiona a a, 
which extend up each side of the elbow so 
as to form two inclined planes which oor- 
reapond with the inside of the clasp E, 
which clasp ia perforated so as to traverse 
freely upon the screw H, and the inside of 
the arma are scored so as to sripe tbe 
leather npon tbe projections aaS the Dut. 
The edges of the lenther having been in- 
serted between the alidee L M and clasps 
P Q, and between claap K and nut I, the 
screw H ia tnmed, by which means tbe 
elbow G ia moved outward, and with it 
the claspa, thereby stretching the leather. 
Aa the screw ia tamed, it slips a little on 
the nut, and alidee and diawa the clasps on, so that tbe scored part of the clasps gripes the leather tisht. 
Theelbow, and so on, are received in a groove in the orimp-bowd A, (brmed by projections E and F. 




aabaft. 



Thompson's machine for polishing tbe aolea of boots or shoes, Figa. 1034, 10S5, is of (intple 
latruction, having a polisher or polishets g A, made of bona or other proper ukaterial, attached to 
baft /, which has a reciprocating motion imparted to it in any desirable manner. 




Iriven np into a handle £, splitting a peg 
in the said alider and the peg-wood driver 



from the blocb which ia arranged in Uie space L between tl , _ 

H : to the latter is imparted a constant tendency to press tbe block forward b; means of an elaatto 
band M. The awl E and peg-driver F work thioDgh holes 1 and K in the alider, the principal 
object of tbe alider being to draw or force the awl out of the leather sole, or other article, imme- 
diately after having been driven into tbe mme. G is an iodia-mbber spring attached to the 
lower end of the awl-driver. 
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Hill'B macbiDO for Bkiving boot anil ithoe ooimten is reprsaented. Figs. 1039 to IMl. A lem 
A', tuTDing horizantally, has itH folorani upon the upper end of a lever B'. Stoda ef, proieotiilu 
tima lever A', rest respectively agaiast the middle oE the rocker-frame 6 and the eod of sa&ft F. 
B' tuma upon a fulcram at g, and is opereted bv a foot-tresdle below. B; means of the leven 
A' B', the clamp-plate B and the rooker-fr&me S are simultanooiuly moved towarda the rtAMtj 
bed B ; the clamp-plnte being carried into contact with the leather to be akived, while the knije 
is borne against the thin edge of the clamp-plate and against the edge of the lotarjr cylinder, M> 
that, whatever may be the DiicknesB of the piece of leather, the knife will be made to aidapt itaelf 
to that thickneas. At the same time that tne face-damp is moved towards the cylinder-bed, the 
peripheral clamp will also be borne down npon a ooiuter placed on the periphery of the orliitdar 
and between the same and tbe clamp. 




Figs. 1012, 1043, show Zeigler'e boot-crimping machines. The jaws are conrogated, so aa to 
work ftie leather away from the angle of the crimping-iroo and into the foot and leg^ the boot. 
Tlie nuts m servo to stretch the leather upon tbe crimping-iron. Tbe slots in the plate E are ao 
constructed a^ in combination with the segment-gear M and rack J, to move the foot of the 
crimping-iron into or between thejawstwiceas fast as they move the leg, and togive the foot ftoom- 
pound motion which, in combination 
with the oorrugBtiong in the jawa, 
works the leather in the required 
direction to crimp it properly. 



^Sp 



J. p. Motlicre s machine for 
ting the edges of boot and shoe soles 
is referred to in Figs. 1044 to 1017. 
This plan consiats in arranging two 
revolving tnoU G and h, both of the 
same conslnictioD, only h being of 
larger size than G. The aide of 
the shoe is first held against tool 
G, placing the edge of tbe guard- 
plate □ between the upper and the 
Bole. The slioe being thus slipped alnug to the point, and the same way with the other aide of 
the shoe, the edge of the aole is floished with tbe ciocption of the heel. The heel is cot by the 
larger tool A, it being provided with a similar guard-plate K, in the ume manner as the lole. 
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la working Oriffln'a mMhine for cutting out soles, Figs. IIHS to 1051, the operator places his 
nt nw, iMuilfl H on^ mn»™ {( Dp uid dowo, M OS to impart to the sbftft c A leciptocatbig rotnr; 



foot on treadle U and taotee it 




motion, he b( the Bune time holdiag & atrip of leather 
OD the top BDiface of the table, and agaimt a gaide- 
bar (. After each cnt, he moves the atrip foroud 
against the gnide or atop bar. The carriage I ha« an 
intermittent reciprocating motion imparted to it, which 
carries each of the hnife-bara K K ia anooession di- 
rectly underneath the depre«or-bar B, whioh, deacond- 
iag thereupon, forces the knife-bar and ita knife P or 
B downward towards the cutter-block, and cuts through 
the leather. Fig. 1051 repreaents the aolea aa cnt ant 
by the machine. Each knife ia elevated from the 



leather by the aptinga a on the toda that guide ita 



In R. H. Tboinpeou's hand machines f 
■lide H by atrlking opoo head E. The alidi 
driver ia intended to tlriTe one peg at the aam 
peg, the machine being moved the distance from 




1052 to 1055, motion ia gi™n to a 
carries the awl and peg-driTor. The peg- 
time that the awl makes the hole for the next 
one to the next by a slight pressure of the hand 



rf_. 




in that direction, thia distance being measuted, and this motion of the machine reatrieted (o 
oorrespond, by the spring-spaoer T. The point at the lower end of T, being held down by 
■pring W, pierces the leather sufBciently to keep the machine from being easily moved out <u 
place if a slight downward pressure is exerted upon the machine. Just as the slider H completes 
its descent, the arm O on the slider operates the tumbler P, the latter taking into a notch in the 
•pacer T, and thus withdrawing the iipacer from the leather at tlie time the awl is auuk deepest 
into iL T haa aleo a alight ribratory motion in a groove in the spacer-plate Y, limited in one 
direction by the aide of the groove, and in the opposite direction by the eccentric adjusting-pin X, 
by the taming of which the travel ot the spacer may be accurately graduated. The spacer bean 
against this pin ; the pressure of the hand in the direction the machine ia to move, wiU, however, 
move the apacer to the opposite side of the groove ; then, as it is raiaed by each descent of the awl 
and peg-dnver, it will sprmg forward against pin S, and, as the awl begins to rise, will deaoeod in 
tile MMe poaitiotl apon the leather; and when the awl rises ao as to clear .the leather, the pressure 
ot tlw haod in that direution overcomes the spring of the spacer, and moves fbrwaid the machine 
for ths next p^. The peg-wood ia placed between the part Q of the feeder and the spring D. 
Ihb ^dng-nedei ii operated by the nead of the screw V, which holds the awl and peg-driver to 
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the lower end of the slider, and which projects through a slot in the front of the case, strildDg, as 
it descends, against a bend in the feeder, and pushing it back so as to give it new hold npon the 
peg-wood, at the time the wood is held firmly by the cutters and a clamp K 

With Rice and WhorTs apparatus for lasting and appljring soles to shoes, Figs. 1056 to 1058, 
the sole and the upper are first placed together upon a last A, the upper being made to overlap 
the outer surface of the in-sole, and affixed by cement. The whole being thus prepared, it is next 

S laced within the clamping-bed B, and the parts of the latter closed. The platen of the press is 
epressed, to carry the punches on the under-side of die tc into contact with the parts of the upper 
which overlap the inner sole, so as to make perforations through them, and either into or through 
the inner sole. The platen G is then elevated, and cement applied to the outer snrlaoe of the 
inner sole and overlapping parts of. the upper. The outer sole is laid upon the cemented sarfaoea, 
and the slide G movea so as to bring the die u directly over the last A. Next, the platen is to be 
forced down upon the outer sole, so as to press it closely in contact with the shoe, and expel from 
between the soles the superfiuous cement. 

Dinsmoor and Bartlett*8 instrument for chamfering the edges of shoe-soles is referred to, 
Figs. 1059 to 1061. The piece of leather is laid upon a flat table, and the blade A and spring- 
presser H are borne down simultaneously upon the leather, while the end of the lever-gauge G 
turning upon fulcrum d is made to rest upon the table. This done, the cutting-edge a of the tool 
is maintained at such an angle from the table as occasion may require, and the tool ia pushed 
forward upon and around that portion of the leather which is to be chamfered. The frame B is 
fastened to the knife by means of a wedge a. 

Figs. 1062 to 1064 show J. W. Hatch's machine for cutting out soles. The cutter is attached to 
a vertical shaft, which is provided with journals to work in b^urings in a slide P, moving in vertical 
guides in a framing G, and receives its vertical reciprocating motion fhnn eccentric pin a, at the 
end of the horizontal shaft D. The shaft in this machine makes only about three-foortiis of a 
revolution in opposite directions alternately, movement being produced by a treadle F, which is 
a lever of the first order, with its fulcrum g at the rear end, secured to the floor or to a suitable 
bed-plate ; the treadle being connected by a rod o with a wrist 6, at the back of the fly-wheel G 
of the shaft D. 

While the machine is at rest, the wrist is always held in one of these two positions by a 
weight r attached to or cast on the fly-wheel, the weight r resting upon one of two fixed standards 
//. In either of these conditions of the wheel and wrist, the treadle is of course raised. The 
operator stands in front of the machine, in a convenient position for placing the pieces of leather 
or other material in a proper manner upon the table H for the action of the cutter ; and when he 
depresses the treadle oy his foot, he moves the wheel far enough to brin^ the weight r over the 
centre of the shaft D ; but the momentum the weight has acquired in movmg to that point carries 
it past the centre, and then the pressure of the foot being taken trom the treadle, it descends by 
the force of gravity until it reaches the other standard, thus completing the movement of the 
wheel. This movement of the wheel brings down the cutter and raises it again, and, just before 
its termination, it moves the lever £ to reverse the position of the cutter by the action of one of 
two projections d d upon one of the prongs ee oi & fork on the rear end of the lever. The prongs 
ee oi the fork are at different elevations, and the projections dd a,i different distances from the 
shaft D, to correspond with the elevation of the prongs e ^ ; so that when the wheel moves in the 
direction of the full arrow shown in Fig. 1062, the projection d may pass under the higher prong 
e and strike the lower prong e, thus throwing the lever to the position shown in Fig. 1063 ; but 
when the wheel moves in the direction of the dotted arrow, the projection d may pass over the 
lower prong e and strike the higher prong e, thus throwing the lever to the position the reverse 
of that shown in Fig. 1063. The movement thus given to the lever takes place just before the 
weight comes in contact with the standards//, and is just sufficient to give half a revolution to 
the punch-shaft. To keep the cutter-shaft from turning back too soon, the friction of a bar A is 
apphed in a yoke I ; on the top of the framing, between the top of the yoke I and the bar A, the 
lever £ works snugly, and the bar is forced up against the lever to produce the necessary friction 
by two india-rubber springs 1 1, one at each end. Stop-screws jj are also applied to the yoke I, 
to stop and regulate the movement of the lever. 

Polishing or burnishing the edges of heels and soles with Mollibre's machine, Fig. 1065, is 
performed in the following manner : — The steam passes from the boiler through a pipe x and into 
branch pipes x, one for each bumishing-tool /), and can be let into the hoUow shaft / and the 
chamber p vrithin the tool p, by opening the cock u, A number of these tools of slightly varying 
sizes are arranged in line, and each tool kept rapidly revolving. The polishing is effected by 
presenting the edge of the sole or heel to the revolvmg polishmg-tool and pressing it gently 
upon it. 

Molli(^re*s arrangement for mounting uppers on lasts is shown in Figs. 1066, 1067. It consists of 
an adjustable frame I and a thumb-screw G, armed with its tooth-clamp H, which, pressing verti- 
cally upon the inner portion only of the heel, holds the hst securely in its position, and gives 
free access to the parts of the last on which any work is to be done by the apparatus. 

Jackson's machine for cutting out uppers. Fig. 10G8, consists of a frame A, to which is attached 
a cross-head £ ; this cross-head is raised and lowered by the action of the shaft in the centre, the 
wheels I and the levers G. The leather is fed in at D on the platen B ; the cutters being fixed 
to the cross-head, and guided in their descent by the indicators T, T. 

Fig. 1069 represents £llison's boot-holder, which consists of a curved arm A reaching from 
the sole of the foot to the top of the leg L, where it is fixed. This is used in combination with 
the lever B provided with a last-shaped foot, a handle K and a ratchet G to operate with a pawl D. 

Fig. 1070 shows £. M. Dickinson's machine for holding uppers. It consists of a forked clamp 
B, arranged on the frame A, and hinged at one end. It is operated by the lever G working the 
rod d, the yoke A, and the springs /, i. 
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Drew's pattern for cutting Ixiota, Fig. 1071, consists of two pieces of sheet metal A, B, of 
rectan^lar form, connwtotl together by liinges; and two other pieces of the same material 
attached to the former in 8uch a manner as to be capable of being adjusted laterally, one of the 
over-pieces D having a foot portion provided with a wing connected to it by means of hlnj gnpg. 
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The apparatus, designed by O. J. Warren, for crimping, Fig. 1072, is applied to the bench by 
a swivel process, which permitH the whole to be turned to the right or left as the work piooeeda. 
The curved bar G, which supports the form P, upon which the leather is crimped, has its grooYe 
lined vrith india-rubber Q, which prevents the wrinkling of the leather while undergoing tbe 
stretching process. A spiral spring is employed to hold together the two parts of the clutch or 
yoke N, R, and thus retain the work rigidly in any iMsition ; but at the same time adapts the 
clutch to be disengaged to allow the shaft to be turned to bring the work into convenient positioiia 
for the operator. The nut K on the screw k of shaft B is connected with the yoke N through the 
medium of the collar L, so as to allow the yoke to bo turned independently of the nut. F ia a 
sleeve on shaft B, provided with a projection y, and is used in combination with the notched hub 6, 
the collar H, and the spring I. The coupling by which the shaft B is attached to the bench is 
composed of a plate G, secured to the bench by a screw D, and provided with a socket a to receive 
a pintle of a fork which is fastened to the sleeve F by pivots. 

Gustins* movable jack for boot-making is shown in Figs. 1073, 1074. The arms A,/, of the 
frame A, have supports, as i\ for the toe and heel of the boot, and admit of rotation on a pivot at 
A. The bolt G and the friction-washer o prevent a too ready and easy movement of the yoke A 
upon the bolt in a horizontal plane. The crank-stop J, sliding in the blocks e e, with tbe holes in 
the segment G, Fig. 1074, permit the instrument to be inclin(S for working purposes. 
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Referring to Fig. 1075, which shows J. H. Belser's machine for shaping heels, ^ is a toe-clamp, 
h its latch fastened to a s^ndard r, whicli is provided with an adjusting screw /, and attached to a 
shoe-holder A. The knife G works through a rocker-tube E by means of the slider D, which is 
adjusted so as to act in combination with the arrangements shown at H and G. The position of 
the heel whilst being shaped is shown clearly at G. 

Fig. 107(5 shows a side elevation of a machine for cutting out and pricking soles and heels, by 
Craven and Garrack, of l^eeds. The parts A are standards or framewf>rk braced together by the 
table B ; G is a shaft, actuated by pulleys c tlirough intermediate wheels a, 6. Gams on the shaft 
impart a reciprocating motion to the slides D working in y-grooves d. The slides are connected 
by the cross-head E, io which are secured the frames e, which carry the wood blocks and guides / 
and g. The wood blocks / are bound with a hoop of wrought iron, and are adjusted in any desired 
position by means of set screws fj in the V-^^"^^ o^ ^^^ frames c. The guides (/, provided with set 
screws, are to prevent the leather from being thrust too far either laterally or longitudinally. On 
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the table B adjartable fituites x 



placed, which miry the cl 



« A. Th^ge dips BQppoit the 




The prlckera are not shown, bnt aimplf conHiBt of a framework of prioka or needles, of the eome 
oontour and pilch as the reqnired Loe of nails, faatened to the wood blocks and piercing the 
k&tlier in their deacent. The knifej ,„^ 

and its adjiuttiieDts will be eeen more 
clevly by refeiring to the detached 
pbm of the framework z. Fig. 1077. 

The machine being aet in motion, a 
piece of lottber ia placed b; the at- 
tendant over one <^ the knives, the 



^^ 




the wood block cats the m 
reqnired, which drops throagb the 
kmfe and the apertnie in frame « and 
table B into any convenient receptacle. 

The operation of faateninE a sole 

to an upper was for some time the moat difficnlt portion of boot mimafactnie bj machinery. It baa 
now, however, been greatly simplified by an adnptation of the rawing machine invented by John 
Keats and W. 8. Claik, and termed by them the CriBpi;a Machine. 

The leading features of this macbme are the combination of a hook and a shuttle, instead of a 
needle and a shnttle. This arrangement allows of the thread being thoroughly saturated with 
the wai, which does not get sijueezeil out, as in passing through the eye of a needle. Further, 
the hole made in the leather is no larger than the size of the hook, because the hook has no 
thread in it while piercing the material. Thus, a thicker thread can be used than with the 
needle. The stitch, which is farmed on the surface of the leather, is a twisted lock-stitch, one of 
the firmest made. The niacbine is arranged to be driven by steam-power, and the motion oan be 
instantly stopped by a foot-lever at any point of the stitoh, so that the workman has the free use 
of his hands. 

Fig. 1076 1« a penpective view of the poet Crispin, which is used Cor welted boot sole sewing. 
Fig. 1079 shows the ** arm Crispiit," which is employed in heavy work, such as closing heavy 
nppen, belt-oewing, harness work, and so on. The hook Is first fixed by tnming the machine by 
hud nntil the line cut aorDaB the edge of the needle-bar L at the lower end, pointed at by the 
•now, is on a level with the bottom end of the slide, and then fixing the book with its point on a 
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Imel with the point tt the ditridei A, oue being taken to have the notob whioh wo ri w llH 
thread at right angles with the ana of the maonlue. After the Utge bobbin is charged with 
tliK»d and ^aoed in poaitkni, the eorer and hook-plate at the end of Uie arm are dr»mi <M, a 



the thread brought over the giiide-ptillejn until it reaohes the pnlle; B; it is than paMod throng 
the ecoentrio hide in the nnul gear-wheel. The thread ia then drawn forward and paaaed thnmslt 
the bole in the hook-plate, the cover and plate being replaced. To thread the BhaUle, the boUNn 
has to be placed in it, with the long centre end foremoat. The thread ia then paaaed throngh the 
tipper slot over the bar and throngh the lower ilot, and than throogh one of the lotuid Iiolea. Hia 
" n plaoea the ehottle upon the slide, and puU down the hinged atop G. He laJaM Um 




. _ _ J charged v 

lighted throngh the holes in the side of the arm, and also the jeta behind the shnttle-raoe, a 
the machine ia mtBcientl; warm to make the wax aofl, care being taken not to let the Same come 
in contact with the carting, as thia produoea soot, which destroya the heating-power of the gaa. 

A coonter-ehaft mounted fn the frame ander the table being put in motion bj the driving-belt, 
the machine is started by praasing the foot-lever, thereby bringing the pnllev covered with leather 
into contact with the internal pulley mounted on the end of the aiiving-pinion. The mcsnent the 
pnMUte with the foot is withdmwn, the machine instantly slops, fioitablo teosioD of book-thread 
Is obtained b; the thnmb-ierew H. The feeder is adjostedand kept to posh in the teqnired 
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direction by the lotmd verticftl tar being pinched with tho thumb- 
the aim is found most conventent. The piea- 
(rore is adjusted to the thickness of the work b; 
taeBUM of the double screw-nut F. The amount 
of prennre ia adjusted by the screw 6. The 
feeder is adjuBted to the tluckne«s of the work by 
tumiDt; the icrew H. The length of the stitcn 
is rea;ulRt«d b; turning the screw I, which is se- 
cured by the lock-nut K. To remove the large 
bohbin, the . pin N is taken ont : the tenaion- 
tpring then forces it out. 

The Pricking Machine, designed b; Gjnuon 
and Co., of LcitcHtei, is nsed for making amall 
boles in the bottom of the soles and heels of boots 
and shoes to receive the rireta. It is contrived 
Ko that the distance the Iioles are apart can be 
Taried according to the number of rivets required. 
It conaiets of a standard A, Fig. 1080, through 
which is a small crank-spindle; the treadle B is 
dttaehed to the crank, and the driving-wheel C 
is fixed at the other em of the crenk-epindle ; the 
motion ia Imparted b; a cord O from this wheel 
to a worm-shaft; the worm gives the upright 
spindle D a revolving motion, and the crank E 
gives to the arm F a chopping motion; the boy 
works the treadle with his foot, and with hit 
hands pressea the sole Sigainst the guide tooth 
wheel D; this wheel, revolving slowly, moves the 
sole the required distance as each prick is made 
bj the arm F. 

Oiimon't Ecctntric Preu. — This machine, 
Fig. 1081, is nsed for cutting up leather, and is , 
coiiiatmcted for the nee of faur men ; the cross- ^ 
head E moves upwards aniBlown wards, and re- 
ceives its motion from the driving-shaft A, which 
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hitsB pinion attAphoil. and workx Into tlie intcmnl tootlied wliopl D, whjoh wheel la be^ed to thtt 
eccentric tihnft C : the M^'iitrJcu an.> fitted nith Blmjis ooDDOctod to n atratcher — this is fixed to 
the irido D. nitaclied to iLc cmia-lieiul I^ ; the scrcnm H are movnble, and cbq be ndjnsted by tbe 
niHii to suit tho depth nf tlm knifn nnd mnge of tlu.' cuttini^-lools ; wmden blocks O are nsed to 
rut upon; thelcsther is pliiccd on tbe block, tlie knife bein); put on by the nutn, who also pnshe* 
it under tbe eroBs-heod whirh comm down upon it and cuts out the Boie ; the block ia then palled 
from under the knife, plaml on nnnthcr part of the luather, and the process repeated. 

BOHINfi AND BLASTISU. Fb., Aelion de fvrtr et *■ /.lire *iu!*r pur «ng mine ; Obb, Rjf 
Biikre» ubJ SpreH'iea riner Mine in Ilcr.iwrrki-n. 

Ilorlrui for ilinenila, — Thpro is but little difference in tho BjBtera of boring for minerals or 
boriiiK for wnlor ; the kind of rock to bo penctmted doca not even coubb nnj nuitoiinl differenoe 
to be made in the meant or toola by which it i* dime. A hole of 3 in. diameter ix in all ease* 
HUflicionl for n test on a mineral vein. In the I'.S. the hemp or manilla rope is u»nl for boring. 
TIiIb iit colled the Chinme method, beeaiue llie Chlnene luive ptaclisod boring in tltat tnaniier 
Bince our knowleil);e of (hem. The Remionii pcni'trale tho rock by means of iron rods, nf I in. 
wiunre or more, TlieHC roda are acrewcd together in leiiKtha of 10 or 12 fL Thin tnoUe of woric 
cnuncs the 0)>eration to be ratlier expenaive, on accouut of the price oF tooU and macltioery. and it 
in not very expeditious. The xome method was followed by other Kiini|ietui nationa, and formeri; 
ill this country. In recent worki of tiiia kliiil, wooilcti rods liave bet^n uncd with tn^ator advantage 
tiian iron. TheHe roila arc lonj; idi'iidur iKile!i of iiinR wood, often 30 and more feet long, monnlod 
with iron and acrewed together; thcylinvo the wlvantaeo of being light and elastic, an as to camn 
liwB cuncuiwdon and conseijuRntly Iohh rejiair than iron rods. KthIs otter no advantaKe over tba 
rope but that of lonKur durability, and tho earth may lie pi'netrated to a gnvtor depth by mean* 
iif them tlinn liy mpcH. The latter are limited on acwuot of i<trcn;;tli to about 1000 ft., while rod* 
may be driven down to 2000 ft. and deeper. We will ili'scrilw an apparatus which may be nsed 
either for heinp-rope or wire-n>;>e, which wan matte oriii^inally for hoop-iron by the well-known 
metnllnrifiat. F. Overman, it beiii); cheaper, and Herved the same purpose as ropes of either kind. 

At A, in Fig. I0!*2, in tepnrsented a Ior of oak wood, which is net i)orpendiculBrly so deep in the 
ground as to penetrate tlie loose (;ravel, and pass a little into tlie rock, ho as to stand firm in ill 
Iilaoe; it is well rammed by Rravel, and tbe ground 

levelled so tliat the butt of tho log ia Hush with tho "" 

Hurfac* of the ground, or a few fe<'t lielow. Through 
this log, which luny l)e, according to tbe depth of loose 

i:round, from 5 to 30 ft. long, a vertical bole is bored 
ly an imi/er of a diameter ciiual to that of the boring 
in the rock. On tho top of tho ground on one side 
of the hole, is a windlnte, who«c drum Is 5 ft in dia 
meter, and the cog-wheel which drives it <> ft tho 

Sinionoii the erank-aile isO in. This windlass si r>i.s 
ir hoisting the spindle or drill, and is of a large dia 
meter, in order to (irevent short In'nds m the iron 
which would soon niako it brittle. In ell casts vhere 
iron, either hoopiron or wire-rojie, is used the ilia 
meter oT the ilruni of tho win<llass must lie sufliciently 
largo to prevent a jiermaiient bend in the iron ()n 
the opposite sido of tho wlniUnss Is a lever of unequal 
leverauo about ooe-thlrd at tliu side of the hole and 
tno-thirda at the opposite side, where it ends in a 
cross or broad end in case men do the work. The 
workmen, witli one foot on a bench or platform, rest 
tlicir hands on a railing, and work with the other foot 
the long end of the lever. In this way tho whole 
weight of the men is made use of, who work with 
great ease. Tho lift of the bore-bit is from 10 to 12 
in., which causes the men te work the treadle from 20 
to 24 in. high. Itelow the treadle T is a spring-pole 
H fastened under tho platform on which tlie men 
atend ; tbe end of this spring-pole is connected by a 
link to the working-end of the lever, or tbe hoi>|i-iron 
directly, and pulls the treadle down. When tho 
bore-splndle is raised by means of the treadle, tlio 
spring-pole Imparts to it a sudden rotura. and Incrcosi 
and nmnequently that of the stroke donnwanls. 

The spindle is roiffeecnted in Fig. 1083, a piece of square cast iron, or wrought iron, of from 
200 to 300 lbs. weight for a hole of 3 in. diameter. For larger holes, of 5 or C in. diameter, its 
weight must be increased to 800 or I0l>D lbs. At one end of the spindle the hoop-iron or rope is 
permanently fastened by screws or rivets; nt the other end the bore-bit is inserted In a toimd 
We and fastened by a flat key, Tho spindle may be provided at each end with a head, in the 

form of a cross, but these are unnecessary ojipendages : a simple square rod of iron, whose diagonal 
si-ction Is equal to the dtuiiieter of tlie liole, is all-sufiicii nt ("r the piir]iose. The lengths or nirtl 
of tlie hoop-iron may l-e ranilp as great as possible, and shoulil bo of tho beat fibrous charcoal iron : 




the velocity of the bit, 
wrought ii 
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puddled iron, even if fibrous, aoon gets brittle in the course of time and work. For a spindle of 
300 lbs., hoop-iron of 2 in. by -^ is sufficiently strong ; for heavier spindles it may be somewhat 
stronger. The ends of the hoops are fastened together by means of small rivets and drilled holes, 
and this riveting ought to be renewed at least every two months, because the repeated vibrations 
cause the iron to get brittle, which is the case at the joints more than in the run of the iron. At 
the upper end, where the hoop is fastened to the lever, there is a length of hoop-iron nearly equal 
to one length or part, at one end of which is an eye permanently fastened ; this fits in a hook at 
the lever, and also in a hook at the drum. This loose part of the strap is fastened to it by means 
of pinch screws, as shown in Fig. 1084 ; by this means the hoop may be made longer and shorter, as 
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the bottom of the bore sinks down ; the letting out, of course, can be performed only while the 
work is stopped. If we want to let out while the treadle is in motion, which is necessary in soft 
rock, a screw about 1 ft. long is provided at the end of the treadle, which may be turned while the 
machine is in operation. The bore-bit has been shown in Fig. 1083 as it is fastened to the spindle. 
This is a simple, fiat chisel, whose edge is steeled with good cast steel, and a little rounded, so as 
to play always in the centre of the hole. If the chisel is too round, or pointed in the middle, the 
hole is liable to get narrow in the bottom ; if the edge is straight, the hole generally widens with 
its depth. Other forms of the bit are of little use, they merely cause trouble and loss of time. 
The bit m,ust be fastened very firmly in the spindle, and the shoulder of it fit closely to it, or both 
are liable to get out of order. When the spindle is to be lifted from the pit, the end of the hoop 
is taken from the treadle and hitched to the drum, which is set in motion. The hoop must be 
prevented from winding over the hook's eye, or the pinch screws, for that would cause short bends 
in the iron, and permanently injure it. The drum must be so high above the hole that the spindle 
may be lifted entirely above the bore-log. For thei>e reasons the upper end of the latter is fre- 
quently found to be some feet below the surface of the ground. 

The operation of boriug is simple ; when the hole through the bore-log is sunk, the spindle is 
let down, hitched to the treadle, and the latter set in motion, which labour two or three strong 
men can readily perform. If but 10 or 12 inches lift is imparted to the bit, from 30 to 40 strokes 
may be made in one minute. If a good hop-pole is appended, from 30 to 45 strokes may be made 
by men, and from 80 to 100 by a steam-engine. The rock is thus penetrated by repeated blows, 
of which from 50 to 100 are sufficient to sink 1 in. deep in soft slate and shale ; from 500 to 1000 
in sandstone rock, and from 10,000 to 20,000 strokes in graywacke or gneiss. Even as many as 
30,000 and 40,000 blows have been struck to penetrate 1 in. deep in hard graywacke. Iron pyrites 
are almost impenetrable ; and the best plan is, if the vein is but a few inches thick, to break it by 
heavy strokes of a blunt steel ix)int, directed so as to break ofi* pieces from the mineral. When a 
certain depth, say 1 ft., or 2 ft., is penetrated, the debris of rock, ground into dust, and fioating as 
fine sand in the water of the hole, must be removed, which is done by the pump ; this instrument 
ift represented in Fig. 1085 ; it is a sheet-iron cylinder, of from 3 to 4 ft. long, and ^ or ^ in. 
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smaller in diameter than the diameter of the hole, so that it may pass down easily ; it is provided 
at its bottom with a strong iron ring riveted firmly, and soldered to the sheet iron ; upon this ring 
is fitted a valve, which may be a poppet-valve, or a ball, or, what is equally as good as any, a trap- 
valve formed of a piece of sole-leather or strong india-rubber, provided with a piece of metal to 
make it heavy and shut close. Metal valves do not shut well, for often coarse sand gets into the 
pump, which does admit of a hard valve to shut, while a light valve of soft matter will press the 
sand out, or at least close sufficiently tight to prevent the mud from fiowing out. This oucket is 
gently let down upon the bottom of the well by means of a small rope, a wiro-rope, or a hoop-iron 
tope ; it is then rapidly moved up and down a few times by hand, and raised. This latter opera- 
tion is best performed by a small windlass, erected purposely for the pump. The strong windlass 
is too heavy and slow for this operation. When the pumping has been repeated two or three 
times, we may suppose at least all the heavy sand is removed from the oottom of the well. 
Pumping ought to be performed after the water has been for a while at rest, early in the morning 
or after meal times. This operation is very simple and effectual. The pimip in being raised 
rapidly from the bottom of the well causes a strong current of water to pass vertically down ; this 
stirs all the heavy sand in the bottom, and even pieces of iron and steel which may accidentally 
fall into the well, and brings them into the pump. Many other devices have been proposed for 
this purpose, but we know of nothing superior to this simple machine. See Artesian Wells. 

Whero a steam-engine is at command, as is generally the case at salt- wells, the operation may 
be performed with ease, and cheaply. Is a water-wheel or a mill at the place where a hole is to be 
sunk, the expenses are very small, one man attending the whole operation. In most cases it does 
not make much difference where the hole is driven down, if not too far off' from the outcrop, so as 
not to miss the ore deposit. If tlie extent of a mass or vein is known, and we want merely to 
know the depth from a certain point, in order to calculate the expenses of a shaft before we sink 
it, it may be profitable to erect a steam-engine for boring, in case the depth is considerable. 
Uoraes or mules may be also employed at a common horse-whim to do the work ; this, however, is 
not much cheaper than manual labour, but the work may be done faster. In case a steam-engine, 
water-wheel, or horse-power is used, a shaft with cams or tappets must be provided, which latter 
prm apon the treadle instead of the feet of men. If in this arrangement the shaft with tappets 
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can be io drrnnKPd as to Iw moTixl fnrthpr off, or closer to Hie treodlo, it !■ reoommended ; fa 
if ebunging etnitiflcJ rwk is met with, different hcigJita of utrolto or change of lift is reqaiied; 
soft rook or ettilo cniinot bear nu fetronx blows rh linrd rock. In thia cnse the spring-pole miut be 
strong enough to bnlatice the wjiole neiglit of Hpjndlr, nml mpe or iron belt, so aa to keep it 
saspenildl whi-n nt rest. Thi; Inrge drum for winding up the rope mRT serre sa an axle lor 
topptts; the Utter are then fBsti'ncd to the Ibtkb coR-wheel, and lift tEie treadle directlj, w. 
what is the najiie, the oiul of the mpo or iron beLt. The crank-shaft, on which the handlM aie, 
serves in this cose as a driving-sliaft, driven by pulleys uul belt from the engioe, the WKtes-wheel, 
or horse- power. 

Tumiiuj the fpinille, nt bit, is a necessary op^-mtion which ia much fitTonred by a hemp-n^ 
not so much by a Brirc-tope. not at all by lioop-iron, or by rii^d hare of iron or wood. In strildiic 
tlie bottom of the well by the sharp chisel, it is to turn amnnd the alls of the spindle, or ita own 
axis, in order to cut a round hole ; the more rapid this operation in performoil, the more correct is 
the work, and tlie faster it proceeds. The hpmp-ro|M>, in lifting tlie spindle, is stretched, and 
endeavours to untwist, setting the spindle in a rotary motion, in which it eootiaues until iti 
return lo the bottom of the well. At the head of the spindle there is a loose eye, or swivel, in 
which the rope is fantened : the rope will tetlim, when slackened, and assume its twist Kgun. 
This operation, however destructive to the rope, pcrfomis the rotiuy motion of the hit more per- 
fectly than any other means. Tlie rigid rod, and tiie hoopiron or wire-rope, must be turned by 
hand, if no machinery is expressly prepared for tlic purpose. If turned by band, which is dene 
by means of a cross-handle above the boro-log by a small boy, it ought to be done rapidly ; each 
stroke ought to have more or less than a whole revolution. If this operation is not ptoperlf 
attended to, the liit is very apt to cut rifles or flutes, particu]ar1y in stratified rock, which are very 
troublesome in tho progress of the work. 

Ai-nilaifn. — It may happen tliat the belt, rope, or the rod breaks, or the bit or spindle is injured. 
and leaves parts of steel and iron in the hole. If the latter is the case, and the pieces broken off 
are not too Isj-ge, the moat expeditious plan is, to take a dull hard bit and poun<l the iron into 
such small pieces as may be removed by the pump. Is the btlt or Tod broken, the opetBttm is 
not dinirult, but in the latter case tedious. The hoop-iron, or a hemp or wire rope, is easily drawn 
np, which is most conveniently done by the following machine. In Pig. 108G is represented a pair 
of tongs, which are fastened to the main rope R, which is slaekcned in letting jom. 

down the tongs. W is a single wire, or a small hemp-rope, such an a bed-cord, or 
the pnmp-rope. When the tongs are so far down as to bo below tho broken end of 
the rope, the wire W is p"l'cd so as to open tlie hings, after wliich tlie belt R is 
tiunea round its axis. Tlie lips L of the tongs, forming a basket, sweep now the 
circumference of the hole, and ilraw the broken roil into their grasp; when such 
Indications are perceivetl at the upper end where the workman is turning the belt 
B, tlie wire W is suddenly slacked, and the sharp steel lips wilt bite tho iron or 
hemp: the whole is now lifted by the windlass, and the broken ends mended. 
With a wrought-lron spindle, hardly anything can happen ; a cast-iron spindle 
may break ; but if made of a square form, there is so much room on the four flat 
sides as to ' *' ■ ' •.,... - ., 

sufficiently . 

of rocks, particularly if these rocks are hard oi 
space at its upper end, and a piece 

wedges in between the sjiindle and the walls of the well, it causes often long delay 
and much labour to remove such small stones. Is the treadle moved by men, such 
impe<liments are generally observed before the rope breaks, and may be made less 
disturbing when attended to in proper time; but if a steam-engine or other 
power is at work, it will tear the rope or roil, and miiso the spindle to be tightly 
wedged. In order to prevent the breaking of the rope, that part of the lifter 
where the rod is suspended must be made so weak, that, when the cam lifts it, and 
it is heavier than the weight of rope, spindle, and bit, it will break and prevent 
by its rupture the breaking of the rope. Is tiie latter not injured, there is 
generally not much ililflculty in getting the spindle out. At the top of the bore- 
hole must be always a certam mark, wliirli iudicntes exactly the depth of the well 
by the length of the rope ; if the spindle is in any way raised above the bottom, 
we may know it by this mark, or by the position of the treadle. In this case, 
gentle up and down motions at tho rope will generally loosen the spindle so as 
to make it play ; its going down to the bottom, however, ought to 1* prevented, 
for which reason Che end of the rojie is laid on the windlass, and the rope so far 
stretched as to prevent its sinking to the bottom. By means of the treadle or 
Ire hand, the apparatus is now kept in motion aii<! gently raised by the windlass. 
If these means will not succeed, force at the win<llass is tried, but never beyond 
tho strength of tlie rope ao as to break it. If this also fails to lift the spindle, an iron rod, 
with a blunt end, which cannot penetrate between the spindle and the walls of the hole, is let 
down by means of the pump-rope, and gentle blows are imparted on the head of the spindle; 
this will either start the spindle, or will crush the pebbles which hold it. Is the rope or rod 
broken, these operations must be performed with more caution, so as to prevent forcible liftiog: 
for when the tongs have hold of the brnken end of the belt, that is never eo firm as the tope or 
belt itself. 

Most of the accidents are caused by loose stones, gravel nr pebbles, crystals or pieces of slate, 
from cavities above. Most of the rocks contain caves, or Dests nf cryatHllinc loose matter, which is 
thrown down by the motion of the water and the vibrations of tbe boring instruments. In these 
cases, pipes of sheet iron, of copper, or of other metals, have been inserted in anch plaoes; 
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iriiich operation, however, ia expensive, tedious, and not quite safe ; much ingenuity has been 
expended on inserting such pipes. In all cases of boring, the mouth of the well, or upper part, 
oag^lit to be well secured by the bore-log ; it should reach down into the solid rock, and prevent 
any dropping of gravel from above. When, in the course of the descent, cavities are penetrated 
wlxich prove to be filled with loose matter, threatening to obstruct the progress of the operation, 
the l)e0t plan is to cut through such a cavern, if possible, and reach the solid rock again. If thift 
cannot be accomplished, the chisel is driven down as far as possible, and the cavity fillc<l by cement, 
wliich is closely rammed in by a plunger. The cement for this purpose is mortar cement, also 
called Roman cement, which is maide of impure limestone, such as is found in the coal regions and 
mskrl beds, in the form of lumps imbedded in marl, clay, or shale. This kind of limestone, when 
bumed, does not slack ; it must be ground fine, and is then mixed with water to a stifi" mortar. 
If zu) such impure limestone can be obtained, common lime is mixed with burnt and finely-ground 
iron ore, burnt marl, or burnt ferruginous bhnle, pumice-stone, or any kind of volcanic porous rock. 
Tlie whole, lime and admixture, of which latter about 40 per cent, of tlie lime is used, is ground 
together and mixed with water so as to form a stiff mortar. Cement mortar will harden in the 
ooiirse of a few days under water ; but it is advisable to make a trial of it before it is put down 
into the well. This mortar is filled in canvas or muslin bags, of such a size as to sink gently 
do^m to the bottom of the well. A number of filled bags is let down, and then the plunger, — 
which may be the spindle, — is pressed upon them to break the bags, and drive the mortar into the 
cavity. This is gradually filled entirely with mortar, and then left at rest for some days. Part 
of Ihe mortar is, in the meantime, immersed in water, above ground, in order to observe its 
prepress of hardening. When the mortar is hardened below, it is penetrated by the bit, and a 
lomid hole bored through it, which forms now a pipe of cement, which will efi'ectually prevent 
Band or gravel from running down and causing disturbances in the operations. 

In all cases of sinking a well or a bore-hole, the progress of the work should be recorded in a 

journal from day to day ; and each day, or at each pumping, a part of the bore-meal, or the 

coarsest d^Hs^ saved for future examination. The latter operation is simple, and causes no loss 

of ^ime. WTien the pump is raised, the contents of it are cast into a fine wire sieve, or into a bag 

of fine wire gauze, which is made to contain all the contents of the pump. The water and the fine 

Pyuria of rocky matter will pass through the meshes of the sieve and float ofl*, while the coarser 

p^riB remain. A part of ^e sediment is saved in a paper, or in a small box, and it is marked 

wi^li the time and depth, when and where obtained, for future reference. These evidences, when 

P^»*t together, form the elements of a section of the rock strata penetrated by the well, in that 

P«x ticular spot, and are suitable objects for publication. Any geologist can form, by these means, 

J^ pTofile of the rock, or general formation. Many hundreds of artesinn tcelis are now sunk, and 

f^^'ve been sunk in times past in our country ; these would furnish means for obtaining a correct 

"■^^^ight of the geology of those places where the operations are performed. For the want of such 

'^^^:^orda, the information arising from the labour of boring, at a particular spot, is lost to the 

^***aQmunity and the science of geology. 

Any size of hole will answer the purpose of the miner ; and if 2 in. in diameter could be sunk, 
j^ "^ould be sufficiently wide ; but this cannot be done ; the form of the tools, pump, and rope, 
nire at least 2 '5 in. All complicated tools, such as cross-chisels, rasps for widening, and 
instruments, are to be avoided. They are expensive, both in first cost, repair, and cause 
of time. The simple fiat chisel will form a perfectly round hole : when attended to in turning the 
it will make the hole wide enough all the way down ; if frequently changed and sharpened, 
^^orks easy and fast. A chisel and a good pump, a safe rope, and good tongs, are all the imple- 
requisite for sinking a hole of 20<X) ft. deep. 
We give an example of boring for minerals, from the * Transactions of the North of England 
itute of Mining Engineers,* vol. vii. The paper which furnishes this example was read by 
justly-celebrated Nicholas Wood ; we give it and the discussion thereon, without any material 
' tUB, to show the baseless fabric upon which the so-called science of geology is made to 



NickoiM Wood^ President of the Institute of Mining Engineers, on the Deposit of Magnetic Ironstone 
-Rosedale. — In John Marley's very elaborate and very able account (says Wood) of the Cleveland 
nstone District, communicated to this Institute at its meeting of tJune, 1857, and published 
▼ol. V. of the * Transactions,' he states :—-" The only special district to which I think neces- 
oow to allude is the Bosedale Abbey district, the ironsjtone from which has attracted a 
amount of attrition, on account of its large percentage, immense deposit, and magnetic 
t^axmertiea." ' 

Marley then gives a history of the discovery of this bed of ironstone, its position in the series, 

'^ well as in the district generally, and adds all the information which had then been elicited 

^th regard to the particidar features and character of such deposit, which he illustrates by a 

^^«gnun, showing the explorations which had been made by drifts and pits towards such elucida- 

*'Ujiii: and he then concludes by saying : — **I have no doubt that this seam is the same as the seam 

^ the point A, Fig. 1087, as also the same as that found on the east side of Rosedale, in Captain 

^«rd6n*8 property, of varied thickness, as well as the same seam as that at Grosmont, Fryupdale, 

owainby, and Boltby, known as the top seam of Cleveland — the nine inches of coal in the pit sunk 

^K^ejeing with Beckhole, near Grosmont, in particular ; so that the only doubtful point is as to the 

Portion from the outcrop at ^ to the so-called magnetic quarry ; the most feasible solution being 

^t it is a disjointed patch of the regular seam, known as the top seam, and not a vein, as has 

•Jen aaid ; and, with all deference to the parties who have had more opportunity for examining 

this district than I have, I propose leaving the extent of the magnetic and extra percentage tract as 

^^t/wdvedprobiem, as it may vary from one or two acres to any indefinite extent, not being at all 

pcoved to the south." 

This is a vezy dear and correct account (says Wood) of the information then existing on this 
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deposit, Marley's opinion being that it represented the top seam, as developed at Grosmont, 
Fryupdale, Swainby, and Boltby. 




Meference : — 0, Shale and ironstone ramble. P, Brown and grey sandstone. 9, Coal and shale. S, Shale 
and sandstone. T, Sandstone ; top bed, of iron and lias respectively, not proved by the bore-bole. 



A Section of the Strata at Grosmont is given by Marley as follows : — 

Ft. In. 

Ironstone band and shale 29 

"Pectcn" band, part of the Cleve-\ ^ |q 



Ft In. 

Sandstone 25 

Ironstone, top seam . . . . 12 

Lias shale 92 

Various strata, not identified 51 

Lias shale 55 



198 



land thick seam / 

Shale 17 4 

" A vicula " band, Cleveland seam .. 6 4 



Another section near Grosmont gives the top seam 11 ft. 6 in., then 187 ft. of shale and iron- 
stone, and then the Cleveland band. 

The Section at Fryupdale is as follows : — 



Ft. In. 

Freestone 55 

Top seam 12 

Jet, cement, and alum rocks .. .. 202 

Shale 60 



Ft In. 

"Pecten" band, Cleveland main seam 6 

Shale 30 

*^ Avicula " band, Cleveland main seam 4 4 



The Section at Stcainby is as follows : — 

Ft. In 

Shale 13 

Top seam 23 



Ft. 

Shale .. 132 

Cleveland main bed . . . . 9 



In. 

6 

3 



And at Felix Kirk, near Boltby^ the Section is : — 

Ft. In. 

Brown, yellow, &c., gritstone 

Boltby and Roscdalo iron rock 7 

Alum shale, or upper lias shale 116 



Upper band of nodular ironstone 
Thin seam of soft shale . . 
Lrower band of nodular ironstone 



7 
3 
6 



IType of Eston or 
Cleveland main 
seam. 



Section of Strata in the Hills at Swainby Mines, 

Ft. In. 




Soil, &c 3 

Freestone 24 







Slaty coal 
Shale .. 
Sandstone 
Slaty coal 



Near the limekiln this is 
100, with 9-in. iron- 
stone balls in it. 



9 

1 
4 
9 



Shale 

Coarse freestone 

Shale, with occasional nodules of iron- 
stone 

Ironstone, good 2 

Ironstone 21 



) 



6 
5 
3 



6 

6 



13 



23 



Carried forward 78 
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SectiiM of Strata in the Hills at Sicainby Mines — coutiuuod. 

Ft In. 

Brought forward 78 

Shale 132 (> 

Not / Ironntone 2 8 

Wrought \ Shale 10 



Ironstone 
Shale .. 
Ironstone 
Shale .. 
Ironstone 
Shale .. 
Ironstone 




3 8 



5 7 



9 
9 



1 3 

G 

1 3 



Shale 16 

Ironstone 1 

Supposed shale, but unproved down to \ „.>-. 
the level of the bottom of Crook beck / "^"^ 



3 
3 




G 
G 
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Scarthnick bed or seam. 



^Section of the Stnita at Kstcn Xab, showing the top seanij attd the vuiin or Clvvclaml biittdj 

inhere the latter is in perfection. 

VU III. 



Approximated. 



8eam called 

the " Top 

Seam." 



Soil, and other strata unproved 50 

Freestone 60 

Shivery post, patches of jet and clay 54 

Yl. In. 

Nodular ironatone ,. .. 1\ 

Shale 2 ^ 

I Nodular ironstone 3 

Shale 7 

Nodular ironstone 0} 

Shale 10 

Nodular ironstone 1 

Shale 6 

Nodular ironstone .01 

Shale 6 

V Ironstone band (varies) 9 

Aggregate of ironstone, 15| inches. 

Approximated. Lias shale, including jet rock at bottom . . 

Ironstone band 2x 

Shale 2 5 

Ironstone band 2 

Shale, mixed with nodules of ironstone 1 10 

Ironstone band 3 

Shale 10 

Shale, inclining in some parts to a fire-) ^ n 

clay naturo / 

Aggregate of ironstone, 9 inches. 









6 



210 



10 



Cleveland 
Main or 

Thick Bed 

or seam 

of 

Ironstone. 



/ Top block, left as roof Oil 

Parting regular at outcrop, but not so 

after. 
Second block (left as roof near outcrop) 2 3 

3 2 
Main parting (a good one near the out- 
crop, but lost farther in). 

Main block and uniform 12 

Parting (lost after leaving outcrop). 
^ Bottom block (varies) ^ ^^ 

Shale 7 

Ironstone band (called 2-ft. band) 18 

Shale 6 

Ironstone band 10 

Blue shale 

Various beds of grey post and metal stone, &c. . . 



Measurc^l 
working 
section. 



{ 



Measured 
section. 



17 N 



Measured 
section. 



15 6 / 

36 
93 6 



Total 552 
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The main features of the sections given by Marley as assimilating to the Bosedale bed, are, 
Ist. The top seam, varying from 12 to 23 ft. in thickness. 
2nd. Lias shale and other strata, 132 ft. to 220 ft. 
3rd. The Cleveland main band, 9 to 12 ft. 
But in all these sections there are no beds of ironstone between the top seam and the CleYeland 
main band. 

Bewick, in a paper presented (says Wood) to the Institute, and printed in vol. vL of the 
* Transactions,* gives drawings, and an account of the deposit of Rosedale, and concludes with 
these remarks, — " My object in thus troubling the members of this Institution with the foregoing 
remarks is twofold. First, to show that the iron ore of Rosedale, instead of being a large mineral 
field, as was first asserted, and still believed to be so by many, is nothing more than a Tolcanic 
dyke ; and secondly, that the ironstone lately opened out in this locality is not, as it is reputed to 
be, the main seam now being worked in the Cleveland and Grosmont districts, but it is my opinion, 
if Marley will permit me to say so, the top seam." 

I shall now (observes Wood) give an account of the operations concluded by Professor Phillips 
and myself towards the investigation and development of this bed of ironstone. 

The first discovery of this deposit of ironstone was at a quarry on the south-west side of the 
valley of Rosedale, about a mile south from Rosedale Abbey, and shown, Fig. 1088. When this 




quarry was opened out it was found to consist of apparently a confused mass of ironstone boulders 
of an ellipsoidal structure, and of gigantic size, often 3 or 4 ft. in diameter ; the central part of 
these boulders being generally blue, and consisting of a solid dark oolitic magnetic iron ore, with, 
in many cases, sandy and solid ironstone cnists around it ; and, in receding from the centre, the 
iron ore becomes paler, alternating with dark brown purplish layers ; the layer then becomes pale 
brown, and the magnetic quality is lost. In most cases, however, the nodules are (juite solid, and 
a slight stratification exists, though very obscure; and in several cases, likewise, the oolitic 
structure is merged into compact brown iron ore. In some parts also, where exposed to the water 
and to the weather, the iron ore is partly washed away, and a gritty ferruginous crust remains. 
These great variations do not occur where the ironstone is under cover, or covered by other strata, 
but appears to assume those different phases in consequence of its extreme susceptibfiity to change 
by exposure to air and water; and it is somewhat remarkable that the magnetic property ia 
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strongest where the mass is thickest, and scarcely shows any majj^etism in places where it is thin, 
or where it has little cover, and, consequently, more exposed to d(>compo6ition or change. 

The great characteristic difference of composition between this ironstone and the top and main 
band of Cleveland is, the entire absence of shells, the structure being entirely of an oolitic character, 
being entirely composed of small round concretions of iron ore, cemented together with extremely 
thin siliceous or arenaceous films, and in its magnetic properties exhibiting polarity, and likewise 
in its greater richness than the ordinary ironstone of Cleveland. 

This quarry has been excavated so as to form a face of 60 ft. in thickness ; to which nrnst be 
added 11 ft. of blue magnetic stone, 2^ ft. red ironstone, slightly magnetic, bored down below the 
bottom in magnetic stone, and 3 ft. of shale. 

Soon after the quarry was discovered, it was thought advisable to drive a drift into the aide of the 
hill, to ascertain tne extent of this deposit, the quarry being about 600 ft. horn, the bottom of 
the valley, and about 300 ft. below the utmost level range, or plateau of moors, lying on the south- 
west side of the valley. This drift, together with a pit sunk upon it, is shown by a drawing in 
Marley's paper. Since then, it has been driven to a much greater distance, and three bore-^kola 
have been put down from the surface to the Rosedale bed of ironstone. 

Fig. 1088 shows the position of this drift, the distance and direction in which it has been 
driven into the hill, and also the position of the three bore-holes and the quarry. And Fi^. 1089 
also shows the section of the same drifts, and the section of the borings, together with their depths 
from the surface, and the beds of ironstone which they have proved. I have carried such section 
across the valley, for the purpose of showing the position of the ironstone band on the opposite side 
of the valley. 

Fig. 1090 shows, on a larger scale, the strata bored through in the three bore-holes above 
alluded to, and the ironstone beds which they have prove<l ; Figs. 1091 to 1093, bore-holes. Fig. 
1094, facing drift, and Fig. 1095, side drift — show the thickness of the lower bed of ironstone in 
the several bore-holes in the face of the drift, and also in the side of the drift. 




It is necessary to remark that, where the drift was first set away in the side of the hill, it met 
with shale, and it continued in shale for a distance of about 80 yds., when the ironstone was found. 
Tlie drift continued in the ironstone for a distance of 180 yds. further, making a total distance of 
260 yds. from the face of the hill. Fig. 1089 is a section of the ironstone at the face or farthest 
extremity of the drift, showing an entire thickness of 32 ft. of ironstone, namely, 6 ft. 2 in. of 
drift, 11 ft. 9 in. above the drift, and 14 ft. below it. And, what is important to mention, the 
ironstone was here distinctly stratified, as shown by the linos across the section. Fig. 1094. 

400 yds. in advance of the extreme end of the drift, and 660 yds. from the side of the hill, a 
bore-hoie. No. 2, Fig. 1089, was put down ; and at right angles to the line of tlus bore-hole from 
the drift two other bore-holes were put down from the surface, as shown. Figs. 1089, 1090, each 
200 yds. distant from No. 2 bore-hole, or 400 yds. separate ; and the following are sections of the 
strata passed through in these bore-holes. 

Account of the Boring No. 1, Fuj. 1090, or South Bore-hole ^ on Rosedale Moor, — 1858. 



No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



11 
12 



Fms. Ft, In. 

Clay 5 

Metal or shale 1 1 

Brown freestone water . . 12 5 6 

Metal or shale 6 16 

Brown and grey post . . . . 2 

Grey metal 3 2 

Brown and grey post . . . . 3 4 8 

Grey metal 3 4 9 

Grey post 5 6 

Grey metal 3 1 10 



Ironstone, magnetic . . 
White shale mixed with \ 
ironstone / 



38 


1 


9 





4 








5 






No. 

13 
14 
15 
16 
17 
18 



19 
20 



Fiiis.Ft. In. 
Brought forward .. .. 39 4 9 
Ironstone, magnetic .. .. 0^0 
Sliale mixed with ironstone 10 9 

White post 2 4 

Shale 110 

Dark metal 3 

Shale with post girdle .. 15 3 



45 4 1 

Ironstone, magnetic .. .. 5 2 
Into, shale 16 



Total depth, fathoms ..61 1 7 



Carried forward 



.. 39 4 9 
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Broaght forward 

White post 

Metal 1 

White post 

Metal ironstone girdles . . 2 



1 
3 
3 
5 



3 
6 
3 




Account of the Boring^ the Middle Hole, or JVb. 2, Fig, 1090, on Eosedale Moor, — 1857. 

No. Frna. Ft. In. No. Frag, Ft Jn. 

1 Freestone ramble .. ..030 Brought forward ..37 3 3 

2 Metal 4 19 

3 Brown post .. ..5 2 0) 20 

4 Gr^post .. ..13 0h2 1 21 

5 Brown post .. ..5 2 O) 22 

6 Metal 5 3 

7 Post with water 5 

8 Metal 5 

9 CJoal 4 

10 Metal 2 6 

11 White poet with water ..030 

12 Metal 2 16 

13 Grey and brown post . . ..230 

14 Metal 3 2 

15 Brown post 2 3 6 

16 Metal 3 5 

17 White post 4 

18 Metal 5 5 



Carried forward .. 37 3 3 



42 

23 Ironstone 2 

24 White post mixed with whin 1 

25 Metal with ironstone girdles 1 

26 Black metal mixed with iron- '^ q 

stone / 



4 
1 
2 
1 



3 
3 

6 



4 



48 1 

27 Ironstone 5 2 

28 Inte. grey shale 110 



Total depth, fathoms .. 54 4 



Account of the Boring, No, 3 HoU, Fig. 1090, or North Hcie, on Rosedale ifoor.— 1858. 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 



aay 1 

Brown post 11 

Grey metal 4 

Brown post 3 

Grey metal 2 

Brown post 2 

Grey metal 2 

Brown or grey post .. .. 3 

Grey metal ironstone girdles 4 

Grey post 

Grey metal 2 



Ft In. 



1 





5 





1 





3 


6 








1 





5 











1 





4 


6 


5 


6 



38 3 6 

12 Ironstone, magnetic .. .. 4 6 

13 White shale, mixed with^ 110 

ironstone / 



Carried forward 



40 3 



Na 

Brought forward 

14 Ironstone 

15 Shale, mixed with ironstone 




1 




16 GuUitypost 

17 Ironstone, magnetic .. 

18 Light-coloured ironstone .. 

19 White post, mixed with whin 

20 Ironstone, magnetic . . 

21 Grey shale, mixed with iron-'^ , 

stone and post girdles . . / 

22 Black metal 



Fma. Ft. In. 

40 3 

3 

5 9 

9 
5 6 
3 

1 
3 



2 
2 



6 
6 



23 Ironstone, magnetic 

24 Inte. shale .. 



47 
4 5 3 
4 



Total depth, fathoms .. 52 3 3 



It will be seen, therefore, that for a distance of 580 yards from the pit. No. 1 on the section, 
Fig. 1089, to the boring No. 2 on the same section, the thickness of this bed of ironstone is nearly 
the same, and that this is the case likewise at the other two bore-holes, Xos. 1 and 3, at right 
angles to the above line of section, the respective thicknesses being as follows : — 



Drift 

No. 1 bore-hole . . 



Ft In. 
32 
32 



No. 2 bore-hole.. 



»» 



»» 



Ft In. 
32 
29 3 



These borings and sections show two distinct beds of ironstone, stratified with great regularity ; 
and they prove most conclusively that neither of them is at all like what Bewick terms '' nothing 
more than a volcanic dyke." 

It will be seen by the map of the district. Fig. 1088, that a border is traced around the edge of 
the valley; this is undoubtedly the outcrop of what is called the "top seam" of ironstone, as it 
can be traced south and east into Eskdale, and towards Grosmont and Fryupdale ; and also north 
towards Swainby and Boltby, in which localities Marley has given sections of the top seam, and 
also of the Cleveland main band. Supposing this outcrop in the Bosodale valley to be the 
top tscsiXLf then the upper bed in the sections, Figs. 1089, 1090, is un(^uestionably the top seam 
likewise; and we there have a bed of ironstone upwards of 30 ft. thick, lying parallel to and 
strictly conformable with the " top scam ** (and separated therefrom only by a thin bed of shale), 
of an entirely different character ^m either such top seam or the main oand of Cleveland. 

I have (says Wood) laid down on plan. Fig. 1089, a section of the strata given by Marley, at 
Grosmont to the south-east, and at the Swaiuby mines to the north ; and I have added the section 
at Eston Nab. It should be observed, also, in corroboration of the upper bed of ironstone. 
Fig. 1089, being the top seam, that a bed, or rather three or four beds, of ironstone intermixed 
with shale occur in the brook of Bosedale and crops out in the bank, which is generally believed 
to be the representative of the Cleveland main band, though the ironstone is very inferior, and not 
workable. 1 have laid down on the section, Fig. 1089, the position of this bed of ironstone, which 
agrees pretty well with its position in the other sections, making allowance for the variation in 
the thidknesB of the lias idiale as found in the several localities. 

I have (observed Wood) likewise, in Figs. 1088, 1089, shown the position of the quarry, which 
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appears to have slipped down below the level of the beds, as shown by the drift and borings. 
This appears to have been occasioned by a slip-dyke which crosses the drift near the pit, as shown 
on the plan. Fig. 1088. It will be seen by this plan that the drift passed through alio vial soil 
and shale up to near the pit, when this dyke was crossed and the ironstone cut, aa shown on the 
plan. This dyke is supposed to run in the direction shown on the plan, crossing the drift near the 
pit, and throwing the strata down on the south-west side, and, consequently, the strata comprising 
the quarry ; and it appears tliat the quarry itself is much broken, and has very much the appear- 
ance of a disjointed slip, the elliptical nodules being in a mass of confusion, as shown on the 
plan. 

It has been supposed by some parties that this dyke has given the magnetic character to the 
ironstone: but it is well known that the character of the ore must be changed from a peroxide to 
a protoxide to become magnetic, which the crossing of the dyke through the strata could scarcely 
accomplish ; and then we have the entire absence of shells in the lower bed, while the matrix of 
the upper bed or top seam is entirely calcareous and filled with shells. The concretionary nature 
of the stone, and tlie much greater percentage of iron produced by this deposit over that of either 
the top seam or the Cleveland main band, are also characteristic of this bed of ironstone : the 
analysis given by Marley of the Rosedale stone being upwards of 50 per cent, of metallic iron, 
while the top seam and main band are about 32 to 35 per cent. ; and the produce of a large quan- 
tity smelted at Consett gave 55 per cent, from the calcined ore, and 45 per cent, from the raw 
stone. 

Whatever opinion may, therefore, be formed of the cause of this deposit, we certainly 
have the fact tliat, for a width of 400 yds. and a length of 580 yds., we have a bed of ironstone 
highly magnetic, of an almost entirely uniform thickness, totally different in its mineralogical 
character from the ordinary stone of the district, and yielding in produce nearly 20 per cent, more 
iron in the furnace. To what extent this bed may exist beyond the extent already proved will be 
the subject of further investigation : but it will be a very extraordinary anomaly in geology if a 
bed of such uniform thickness should not extend to considerable distances. It has been stated 
that a similar bed has been discovered in other and distant localities ; not being myself cognizant 
of the facts, and my information not being verj' precise, I abstain (says Wood) from giving such 
information at present. The importance of such discoveries are of too great interest in the district, 
and too valuable in a commercial point of view, to remain long unexplored, and therefore we may 
hope that at some future period the Institute will be favoiu-ed with an account of such deposits. 

The President's paper on the Rosedale Ironstone having been read, a discussion thereon was 
taken. 

Bevoick said the magnetic ore in the quarry was a casual deposit in the shape of a dyke or 
vein. 

Marley, — I understand, since I was at Rosedale Abbey, that which the President stated to be 
the top seam had been discovered in a regidar stratifictl state on the south side of the magrnetio 
quarry. At the last discussion we had on the subject, I admitted if that bed of ironstone had 
Deen discovered keeping on its uniform rise and dip, from the north side of the quarry to the 
south, I had been mistaken in supposing the magnetic seam to be the same as that of the seam 
then discovered on the north side of the quarry. Then, as to wliether it was a vein or a bed, or 
whether, what I supjwsed at the last meeting, it was an overflowing between soft strata, similar to 
" flats " in lead veins, I had not an opportunity of forming an opinion, for want of the three bore- 
holes, which have now been given. 

The President. — What you stated was quite correct. The top seam had not then been found on 
the south side of the quarry. It is now found on the south side as well as the north side ; but I 
do not think we have yet discovered the magnetic stone on the south side of the quarry, except in 
the drifting and borings. 

Marley. — When I made my examination, preparatory to reading my paper, the top seam at the 
point A on Fig. 1087, therein referred to, was lost, and no continuation was found south of the 
magnetic quarry ; but, by competent witnesses, I have been informed it is now found south of 
the said magnetic quarry. But, if the magnetic stone is a bed, it is extraordinary so large an 
extent of country should give no trace of it, as at Grosmont and other places we have not the 
slightest trace of it. At Ingleby they are putting three bore-holes down, with a view of proving 
the existence or otherwise of the magnetic ironstone there. They are now, I believe, past the top- 
seam position, but have got nothing but shale yet. These borings will prove about 100 fathoms 
of strata. I have hitherio been of opinion that the roimd particles, in the specimens of magnetic 
ore, are oolitic shells. 

The President^ N. Wood. — No. I believe they are iron, with a siliceous matrix. 

Marley. — Has one of those globules ever been analyzed by itself, and foimd to be pure iron ? 

Wood. — I do not know; but I believe there is no calcareous matter in those particles which 
there would be if it were shells. 

Marley. — Unless it is some peculiar formation. 

Wood. — Then the shell is gone, and the iron left. 

Boyd. — The chemical part of the shell remains in the Cleveland stone. 

Marley. — The magnetic stone is not in analogy with the Cleveland. 

Wood. — It has changed its character from a peroxide to a protoxide. 

Marley. — I acknowledge the magnetic stone is free from " pectens." 

Bevoick. — After hearing what has been stated by our President, I am bound to say our opinions 
are as much opposed as ever ; and I shall endeavour to show you that the ironstone beds they have 
BORED THRorcH at Roscdalc Abbey are not the same as the magnetic ore and top bed found by 
the side of the valley, that, in fact, the borings have not reached those deposits by several feet, 
and that, therefore, they have not as yet proved anything more respecting them. The stxata they have 
bored through are quite above them, and you will find on looking at the table of the borings, 
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published with the July discussion, that an important member of the series, which immediately 

overlies the top bed is wantins:. I allude to the great sandstone rock, which is seldom under 50, 

and sometimes met with 100 ft. thick. This rock does not appear in the borings at alL 

Wood, — Yes, it does, namely : — 

Fms. Ft In. 

Brown freestone .. No. 1 bore-hole .. .. 12 5 

Brown and grey post „ 2 „ .. .. 12 1 

Bro¥m post .. .. ..3 .. .. .. 11 5 



>» 



>» 



6 





with other beds of post, 
mixed with shale. 



1096. 



Bewick, — That is not the sandstone I allude to. That rock is found higher in the series, and 
belongs to the coal measures, which your bore-holes have gone through ; but, as 1 have just said, 
they have not yet reached the other sandstone, and 
cannot, therefore, have touched the top bed. In 
this section. Fig. 1096, you have, in my opinion, a 
type of the ironstone you have gone through in 
your borings. The seams here are thin and divided, = 
and the shale between them is interspersed with 
iron nodules ; and, as you admit the seams are split z 
in the last bore-hole, it but serves to confirm my I 
opinion that they are one and the same. They CM 
occupy the same geological position in the series — di 
that is, they intervene the great sandstone rock and 
the coal measures in the oolitic series. 

Wood. — Do you purpose giving the sections for 
publication ? 

Bewick. — Yes ; I intend leaving the whole of the 
sections with you for that purpose. The thickness 
of every stratum, in the diagram representing a 
cross-section of the vale of Rosedale, is taken from 
the table of the borings before referred to, in 
which I may here observe there is an error of 3 
fathoms 2 ft. The total ought to be 48 fathoms 2 ft. 
instead of 51 fathoms 4 ft. ; and if you take from 
this 1 fathom 1 ft. for the grey shale they have left 
off in, below the ironstone, it leaves 47 fathoms 1 ft. 
from the top of the bore-hole to the bottom of the 
ironstone. 1 am thus particular because I have 
taken a line of levels, commencing at the south 
drift, by the side of the hill, and terminating at the 
south bore-liole; and I find there is a difference in the height of the level, and the depth 
of No. 2 bore-hole. Fig. 101)0, of 64 ft., fully corroborating what I have before stated, namely, 
— That the bore-holes have not yet reached the sandstone which overlies the top bed; and if 
you will allow me to explain my sections, I think they will prove to you that the ironstone 
they have cut through belongs to that which we call the oolitic beds, and which are found 
in different localities in the Grosmont district, not so thick, it is true, neither are they mag- 
netic ; but they are found, as I before stated, occupying the same geological position, and accom- 
panied by the same description of strata. Section, Fig. 1098, is taken between Goathland MUl 
and Beckhole, near Grosmont, which, you will observe, contains the same alternating strata 
of sandstone, shale, coal, and ironstone, as you see in section. Fig. 10S7, which is a transverse 
section of the vale of Bosedale, representing the strata they have bored through there. The iron- 
stone beds a and c, in section, Fig. 1096, are, in my opinion, the same as those marked a and c in 
section. Fig. 1087. The bed c is very irreg^arly diffused throughout this portion of the oolitic 
district. It is found in the nodular form. In some places you find it of considerable thick- 
ness, and then, again, entirely wanting. Sometimes of good quality, but more frequently coarse 
and inferior, and gradually alternating with the sandstones. The bed a is more regular, but 
thinner, and of very good quality ; its upper portion consists of a nodular bed averaging from 
3 to 6 in. ; and the lower portion a bed averaging from 12 to 18 in. in thickness. Wherever I have 
met with those beds, however, 1 have always found them so variable, both in extent and thickness. 



Reference : — 1, 2, 8, Sandstone, shale, and cosil. 
4, Sandstone. 5, Upper lias, a, 6, c, Ironstone. 
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aa to affor4 no reasonable prospect of their paying for working. They may certainly be found 
different at Boaedale ; but I would just observe that I consider boring a most fallacious mode of 
profring irmsitme deposits in strata such as that which these borings have gone through, you are so 
U»ble to mistake a nodule for a bed, or a portion of a bed. I shall be much surprised if you do 
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not find tbe section of your shaft, should you sink one, very different firom the Beetion of your 
bore-hde. 

Wood. — Then it is a question of policy, in Bewick's view of the case, commerciaUy considered, 
whether the borings should not bo continued. With regard to the identity of the position in 
the series of the bed of ironstone ranging around the Roscdale valley, as shown in Fi^. 1097, and 
also in Fig. 1087, it appears to be undoubtedly the top bed of Cleveland. All parties admit this. 
Then the question is. Is the bed of ironstone proved at the pit No. 1, Fig. 1089, and the bed 
corresponding therewith and proved in the bore-holes Nos. 1, 2, and 3, and therein designated by 
me as the top seam, the same bed of ironstone ? Bewick thinks not, and that the boring:8 have not 
yet reached this bed. I can, of course, only refer to the borings, driftings, and the section of pit 
No. 1, and I must add that there appears to me no doubt whatever on the subject ; and the fact 
that, according to Bewick's plan. Fig. 1097, we have the top bed on both sides of the magnetic 
quarry, ranging as accurately as can be conceived with this bed in the boringa, confirms this 
supposition, in my opinion. It is true that this bed is at a lower level at the south or left-hand 
dritt than on the north side, but this is clearly the effect of the dyke shovm in Fig. 1087, which 
throws down the strata in that direction. With regard to the supposed want of what Bewick calls 
the thick sandstone strata immediately above the top bed of ironstone, and shown <m the section. 
Fig. 1096, to be 100 ft. thick, I have looked carefully over the sections given in Marley's paper, 
and I do not find in any one of them, except at Eston Nab, the extreme northern point of 
the district, any bed of sandstone approaching to that thickness, and there tlie section given is 

Ft In. 

Freestone WO 

Shivery post, patehes of jet, and fire-clay 54 

Top seam, exclusive of shale bands 1 8 

At Rosedale Cliffs, between Staiths and Runswick Bay, we have 

Freestone 26 

Fire-clay 4 6 

Freestone shale 5 5 

Blue shale 10 

Top seam, exclusive of shale bands 4 7 

Still farther south, the sandstone at Wreck Hill is only 10 ft., with 2 ft. 6 in. of shale covering 
the top seam ; and at Grosmont, Marley fnves 25 ft. of sandstone, and another section at 58 ft. 6 in., 
which he says varies in thickness and quality. At Fryupdale, the thickness of sandstone is giyen 
at 55 ft., and at another place, namely, Swainby, the following is the section : — 

Ft In. 
Soil,&c 3 

(Near the limekiln this is 
100, with 9-inch iron- 
stone balls in it. 

Slaty coal 9 

Shale 10 

Sandstone 4 

Shitycoal 9 

6 6 

Shale 5 

Coarse freestone 8 6 

Shale, with occasional nodules of ironstone 13 

Top seam .. .. 28 

Considering, therefore, that in the borinjirs there is about 60 ft. of sandstone, there does not 
appear to me any substantial difference between the shale in those borings and in the other parts 
of the district to justify the supposition that the upper bed of ironstone is not the top seam. 
Bewick thinks the bore-holes have not reached the sandstone he describes. If so, he should like 
to ask Bewick what seam of ironstone that is in the district which has been bored to ? 

Bewick. — It is, in my opinion, as I have previously stated, the ironstone found in the oolitic 
series. 

Wood. — Whore does it occur in the other districts ? Where do you find another similar deposit 
in Mr. Marley's sections ? 

Mariey. — Dr. Verity gives a variety of ironstone seams. If you refer to my paper, you vrill find 
there are several ironstone seams lying over the scam, which we agree to be the top seam of 
Cleveland. Professor Phillips said that, with the exception of the classification of names, this 
section was practically correct. 

Wood. — Do you think the ironstone which crops out all around the valley of Rosedale is the 
top seam? 

Bewick. — I think so ; I have no doubt about it. 

Wood.—li we are ngreed al)out the deposit of ironstone found cropping out around the valley of 
Bosedale, as shown in the different plans, then there can be no difficulty in tracing the sandstone 
overlying that bed to the sandstone first of all sunk through at the pit. Fig. 1089, and thence to 
the borings Nos. 1, 2, and 3 ; and these borings having passed through the upper bed of ironstone, 
below such sandstone, and then through the magnetic bod, there cannot be tne least doubt of the 
geological position of these beds. With reference to the levels, there is no discrepancy whatever 
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in that respect ; there is a rise in beds in the line of the drift, and in the extension of that line to 
the borings, and the direction of the line between the borings seems to be nearly water-level at 
that part. There is not, therefore, the least discrepancy on this point. I have taken the Ordnance 
maps as my guide as regards the levels, and have no doubt they are correct. Whatever opinion 
may, therefore, be arrived at with respect to the comparison of the beds proved in the borings and 
in the pit, with the beds at Grosmont, &c., there appears no doubt in my mind that the mass of 
ironstone of the quarry is a detached portion of the thick or lower bed of ironstone, and that such 
bed exists in situ for a considerable, and, of course, at present, for an unknown extent in the 
locality of Eosedale. 

Bewick. — If our President means by pit Fig. 1089 the air-shaft sunk on the main drift, I quite 
agree with him that the sandstone found in that shaft is the same as that which overlies the top 
seam ; but, I beg to say, I entirely differ from him in supposing it to be the same as that they 
have gone through in the borings. I am . also opposed to his opinion with reference to the direc- 
tion of the dip and rise of the strata. There can be no doubt, I think, but the strata on the west 
side of Rosedale, and to the south of the crown — that is, the point from whence the strata dip in 
contrary directions — are dipping in a south-westerly direction, as shown in my section. Fig. 1097, 
and still more clearly proved by the drift commenced on the south side of the magnetic dyke, and 
driven in a line with the south bore-hole, running nearly west, but which has been diycontinued^ 
owing to the top seam, in which the drift was commenced, dipping so much in that direction, 
im>tead of rising, as our President supposes, as, at the distance of not many yards, to be completely 
under water-leveL With reference to the slip-dyke or fault mentioned by that gentleman, I can 
only state that I have never yet been able to discover any dislocation or disturbance of the strata, 
other than what has been occasioned by the dyke of magnetic ore in its immediate vicinity. Then, 
as to the extent of the magnetic ore, all I can say is, I have paid several visits to Rosedale solely 
for the purpose of examining the strata in that neighbourhood, the many deep ravines which 
abound there affording ample opportunity for doing so, but I have never been able to trace the 
magnetic ore beyond the vicinity of the quarry, and every visit only serves to convince me that it 
is a casual deposit, in the shape of a dyke or vein. A bed, however, of 560 yds. in length, and 
from 30 to 32 ft. thick, cannot be identified with a casual deposit ; nevertheless, I think, very pro- 
bably there may be a mistake in supposing you have a solid mass of ironstone 32 ft. thick. This 
may have occurred from the borers naving cut through nodules or irregular patches of ironstone, 
ana also from the shale in which it is found being very hard, and of the same colour as the iron- 
stone. From these circumstances it is an easy matter to be misled by borings. 

Wood. — Whatever may have been the result of investigations on the surface, I do not think I 
can add any further information to that already given and shown on the plans, to prove that a 
thick bed of ironstone of about 32 ft. exists over a space of upwards of 560 yds. in length, and 
200 yds. in width, with not the least indication of any change or termination of such deposit. 
It would, indeed, be a most extraordinary occurrence in the annals of boring, to suppose that 
occasional nodules, or irregular patches of ironstone, should have produced the result recorded in 
these borings. The boring through the ironstone beds was performed under the immediate inspec- 
tion of Stott^ a well-known experienced borer, who kept the specimens brought up the bore-hole ; 
and I can add, that I examined a great many of the specimens myself with a magnet, and found 
them magnetic. There is not the least pretence for supposing that shale could be mistaken for 
ironstone. Have you seen any nodular magnetic ironstone in the Grosmont district? 

Bewick. — Never. You must remember (addressing the President) that you stated at the 
October discussion in 1857, that Professor Phillips and yourself had discovered the magnetic ore in 
** two localities two miles apart," namely, at Sheriffs drift and at the Quarry ; and, again, in the July 
discussion of last year, you stated the stone in the drift south of the dyke was magnetic, but on 
examining it I found this not to be the case as regards both the drifts. I believe the reason why 
there are so many conflicting opinions with reference to the nature and extent of the magnetic ore 
is owing to the difficulty there is in distinguishing the ore from the top bed — that is, in separating 
tlic igneous portions from the sedimentary ; for, although they are both frequently magnetic in the 
immediate vicinity of the dyke, there is yet a vast difference between them. The igneous portion 
is harder, heavier, and more compact than the sedimentary ; and the former appears to have acted 
upon the latter whilst in a heated condition, much in the same way as a magnet acts upon a piece 
of common iron, imparting to it a portion of its peculiar magnetic properties. I may here be 
permitted to add, that whilst I believe this ore to have been subject to a heat sufficient to evolve 
the different gases it contained, I yet do not think the heat has been of that intensity so as entirely 
to expel it. We need not, therefore, be surprised at traces of carbonic acid being found in the 
chemical analysis of this ore. Here is a specimen of the igneous portion, which I took from 
the bottom of the quarry, and, after examining it, no one can doubt, I think, of its having been 
subjected to heat. 

Wood. — There is no doubt, as stated by 'Mi. Bewick, that portions of the top bed in Rosedale 
are occasionally magnetic, and it was this property which led to the mistake, if there are mistakes, 
in supposing the magnetic bed to have been discovered at Sheriffs drift, and at the drift south 
of the magnetic quarry. The explorations at that time had not been sufficiently extended, nor 
have they yet been prosecuted to such an extent as to ascertain if the magnetic bed exists in 
thoae localities. Finding part of the ironstone partaking of magnetic influence led to a supposi- 
tion that this bed did exist in those localities, and the subsequent explorations have not been 
prosecuted to an extent to ascertain the fact either one way or the other. To Bewick.— Yiom. what 
part of the quarry did you take this specimen ? 

Bewick. — It is from the floor of the quarry. This (showing another specimen) is a sample of the 
top bed which appears to have been partially burnt, and you will at once be able to detect the 
difference between them. These (showing other specimens) are samples of the ironstone found in 
the oolitic zocka, in thaneighbourhood of Grosmont, some of the nodules of which are amongst 
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the richest of tho clay or calcnrcous ironstoneR. I omitted to state that, with the exception of the 
first GO ft., where tho ^ound was so steep that I could not fix my instrament, and from whi^ 
there may l>e some slip^ht inaccuracies, I took my levels with a good and safe instmment, and the 
operation was performed in the ordinary way of hack and fore sights. I find the differenee 
between my levels and what I suppose the correct position of the top bed of ironstone, and that 
shown by the bore-holes, to be G4 ft. 

\Voo*i. — The question of the difference of the levels rests entirely upon the assnmed inclination 
of the beds ; a difference of level of 64 ft. in a distance of 400 yds., accords, in my opinion, with 
what may be suppoHcd to be the regular inclination of the beds. 

Bewick. — Yes ; but in your section you connect two sandstones which have nothing^ to do with 
each other, namely, tho sandstone found in the air-shaft immediately overlying the top bed, and 
the sandstone found in the bore-hole, between which there are several feet of aUemating strata ; 
and to do which you must of necessity raise your level line, and show the strata to be rifling in 
that direction ; but tho drift you have driven some distance into the side of the hill, and at the aame 
point as my line of levels, shows the strata to be dipping in that direction. I may mention, toa^ 
that had another bed of 82 ft. thick really been met with in the bore-hole, it must have been 
found along tho sides of the valley, which are intersected in so many places with monntain 
streams, all of which have been searched by persons having a fair knowledge of the geology 
of the immediate nei<;hbourhood, but without the least trace of it having been met with. 

Wnod.—l cannot think that there is the least doubt that the sandstone in the pit. No. 1, 
Fig. 1089, is the same sandstone as that proved in the borings ; all tho appearances on the 
surface, as well as tho general rise and dip of tho strata, prove this. Extending the line of 
section across the valley, it is clear there is a general rise of strata along the line of section. No 
doubt the strata in tho drift dip towards the west, but that is no doubt influenced by the slip-dyke 
which croHsea it. I would observe that, taking the line of section along the face of the yalley in 
Fig. 1087, in the direction of the dotted lino n 6, and a])plying the inclination of the top bed of 
ironstone, shown Fig. 1097, to that line, and not to the curved or projecting line along the fkoe 
of the hill, the position of tlie bed would be rising from a towards 6, and it would require a slip- 
dyke, shown Fig. 1087, to throw tho bed into its proj>er position along the face of the valley 
to tho west of the magnetic quarry. On examining Fig. 1087 it will be seen that the magnetio 
quarry and the top bod of ironstone, as shown in Fig. 1097, project considerably to the east of the 
general line of the side of the valley, which, being towards the dip of the strata, shows the top 
be<l at a lower level than if the section had been continued in a more direct line, or in the direc- 
tion a b. Wliatcver conclusion, therefore, may be arrived at after all the explanations given, we 
have the fact of an almost horizontal bcKi of ironstone, and of nearly a uniform thickness, distinct 
in character from the ordinory bods of the district, extending over a length of 568 yds. and a 
width of 200 yds., which clearly proves that it is not a vein. How much greater distance it 
extends, must be left to future explorations to prove : but it w^ould certainly be an extraordinan* 
anomaly in geology for such a thickness of strata to disappear altogether in a short distance. 1l 
it extends across the valley, as shown in Bewick's plan. Fig. 1096, then there is no reason to sap- 
pose that it may not extend to tho same distance to the north : and if, according to Bewick, toe 
{wrings have not yet reached to the top bed of ironstone, then the deposit of ironstone, in the valley 
of Rosedale, is richer in ore than either Professor I^hillips or myself has set forth. The conect 
extent must, however, be left to future explorers to discx)ver. Enough has been proved to show a 
most extraordinary deposit of a very peculiar and rich ironstone, and well worth further investi- 
gation. 

Bewick. — There is a section of the cross drift, shown in Fig. 1089, driven at right angles from 
the main drift to prove the breadth of the dyke, and which, at the distance of 16 yds., cuts the 
shale, and apparently touches the top seam at the same time. At the distance of 6 yds. the stone 
in this drift ceases to be magnetic. It is, therefore, incomprehensible to me how it can again 
l)ecome so at the distance of 200 yds. from this jwint. Of course, you have a right to infer from 
the information that reached you that such is the case. Still I would strongly recommend that 
the borings should be coutinued to prove whetlier the sandstone bo below you or not, to ascertain 
which could not fail to give great satisfaction to all concerned ; the cost would not be great, as the 
bottom of your borings must be near the top of that rock. 

Wood. — Tho cross drift was not sufficiently extended to the west to prove the dyke, but, as 
there was a considerable rise of the strata in that direction, no doubt such an inclination has been 
occasioned by the proximity of the dyke, shown on the plans. Figs. 1087, 1088. All the facts show 
that the slip-<lyke has been a dislocation subsequent to the fonnation and consolidation of the varions 
beds affected by it ; and consequently such ayke could not, we can scarcely conceive, have any 
influence on the character of the ironstone be<l itself, especially as it is not contended, I believe, 
that such dykes are either of a basaltic or mineral character, there being no appearance, in my 
judgment, to justify such a conclusion. 

Tubinij Bore-holes. — P. S. lleid being considted as to the chance of finding coal in the Cleveland 
district, at Kirklevington, near Yarra, and finally he was requested to superintend a boring then 
pursued to the depth of 582^ ft., but which, owing to circumstances which were difiScult to deter- 
mine, had become very expensive, and made slow progress. 

The 582^ ft. had been done entirely by manual labour ; but Reid recommended the ereotion 
of a horse-gin, in which the power was applied to a 40-in. drum placed upon a vertical axle, the 
arms of which admitted of applying two horses, and men at pleasure, the power gained being in 
the proportion of one to ten at the starting-point for the horses. 

Upon the upright driun a double-ended chain was attached, which worked over sheer-legs 
erected immediately over tho hole, so as to attain an offtake for the rods of 10 fathoms, and so as 
that, in the act of raising or lowering, there might always be one end of the cliain in the bottom, 
ready to be attached, and expedite the work as much as possible. 
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These arrangements being made, it was soon found that there was a defect in the tubing which 
was inserted to the depth of 109 ft., and the defect was so serious, in permitting the sand to descend 
and be again brought up with the boring-tools, as to render it very difficult to tell in what strata 
they really were ; this increased to such an extent as to cause the silting up of the hole in a single 
night to the extent of 30 fathoms, and occupied nearly a fortnight in clearing the hole out again. 

On carefully examining into this defect, it appeared that the water rose in the hole to the depth 
of A, Fig. 1098, 74 ft. from the surface ; and that at this point it was about level with the high- 
water mark on the Tees, about two miles distant, which it was no doubt connected with, by means 
of permeable gravel beds, extending from the arenaceous strata at B, Fig. 1098. 

On commencing to bore, the motion of the rods in the hole caused the vibration of the water 
between A and G at the bottom of the tubing, and so disturbed the quiescent sand as to cause it 
to run down through the faults in the lower end of the tubing at the latter point. 

This tubing was made of galvanized iron plates, riveted together and soldered so as to attempt 
to make it a water-tight casing ; at the top of the hole it was in three concx^ntric circles, whicli had 
been screwed and forced down successively until an obstacle was met with at each different place 
shown by the letters D, E, G. So soon as the outer circle reached the depth of D, all hope appears 
to have vanished, from those who bored the earlier part of the work, of getting the tube farther ; 
a second tube was, therefore, inserted, which seems to have advanced as far as the point marked 
E, where it, in its turn, was abandoned ; and a third one advanced until it rested in the strata at 
0, which is, no doubt, the lower part of the lias freestone of a blue nature, as found on the rocks 
at Seaton CWew, and in the bed of the Leven, near Mutton Rudby. The diameter of the first 
tubing was 3| in. external and 3| in. internal; the second tube was 3^ in. external and 3 in. 
internal diameter ; and the third tube was 2} in. external and 2^ in. internal diameter. 

Bnch being the account gathered from the workmen who superintended the earlier part of the 
boring, it be<»me necessary to decide upon the best course to remedy the evil. At firat sight it 
would have appeared easy enough to have caught the lower end of the tubes by means of a fisih- 
head properly contrived, and thus to have lifted them out of the hole, and replaced them with a 
perfect tube, such as a gas-tube, with faucet screw-joints ; but, on attempting this, it soon became 
evident that, however perfect the description of tuoing which might have been adopted, it would 
be a work of the greatest difficulty to extract when once it was regularly fixed and jammed into 
its place by the tenacious clayey strata surrounding it ; and that the difficulty of extracting, in the 
present case, was even enhan<^ by the inferior quality and make of the tubing : in short, that, unless 
by crumpling it up in such a manner as to destroy the hole, it was impossible to extract this tubing 
by main force. 

There was, therefore, no other choice left, but to attempt cutting it out, inch by inch ; though 
heiore doing so, I may add, says Reid, that we did attempt main force, to the extent of upwards of 
30 tons, applied to the bottom of the tubing, in which the only success we attained was, the losing of 
several pieces of steel down the hole, which we were compelled to fish up with a powerful magnet. 

After much mature consideration and contrivance, it was determined to order such a perfect 
tabing as would at the same time present as little obstacle as possible to the clay to be passed 
through on the outside, as well as surround the largest of the three tubes then in the hole, and 
present no obstacle to their being withdrawn through its interior. 

These tubes were made 12 ft. in length, flush outside and in, the lower portion being steeled 
for 6 in. from the bottom end, so as to cut its way and follow down the space, and cover that 
exposed by the old tubes when cut and drawn, as shown in Fig. 1099. 

In order to commence operations, and avoid too much clay going down to the bottom of the 
hole, a straw-plug was firmly fixed in the lias portion of the hole at F, Fig. 1098. The lower 
portion of the new tubes was then screwed on to the top of the old ones by means of powerful 
clamps, attached to the exterior in such a manner as to avoid injuring the surface ; and so soon as 
it was evident that they could be screwed no farther, the knife or cutter, Figs. 1099 to 1101, 
was introduced inside the old tubing. Some force, it will be evident, was needed to get this knife 
down into the tubing, but the spring a giving so as to accommodate itself to the hole, permitted 
its descent to the distiemce required ; this being effected, it was turned round so that the steel cutter, 
shown at 6, being forced against the sides of the tube, cut it through in the course of ten minutes 
or a quarter of an hour's turning. Bee section at 6, c. Fig. 1101. 

The old tubes being three-ply, three of these knives or cutters were required to cut out the 
three tubes, the inner one being detached first, and then the two exterior ones ; and so soon as these 
latter were cut out as far as they had been forced into the clay, the work become simplified into 
following down the interior tubmg by the new tubes, as shown by the dotted lines from d to ^, 
until we arrived at the lower end, whore it was evident that the old inner tube had been so 
damaged or torn, either by the putting in or hammering it down, as to leave a vent or fissure for 
the sand to descend, and thus spoil the whole of the work for all future success in the boring, to 
say nothing of the very great cost of lifting the sand out, and subsequent most arduous labour to 
put the hole right. 

We (says Reid) finally recommenced the boring after about a month's labour in taking out the 
old tubings, leaving the new ones firmly bedded into the lias formation at G, Fig. 1098, 112 ft. 
from the surface, and subsequently bored to a depth of 710 ft. in the new red sandstone formation, 
proceeding at the rate of about 3 ft. in the 12 hours, and leaving the hole so as, if requisite, it may 
De widened out to 4 in. diameter; and, possibly, should more sand be met with on reaching the 
magnesian limestone, or sands connected with it, it may again be retubed and the work con- 
tinued to such depth as may be desirable. 

Beid observed, in his paper published in the * Transactions of the North of England I. M. E.,' 
" To the care of G. B. Lloya in the manufacture I attribute a good deal of my success in renewing 
theae tubes. At the same time, the experience so gained in their construction convinces me that 
if adopted in many places where air-holes are required in mines, and which will not justify the 
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still rising only to A, and flowing always from that point when passed down the hole. Fig. 1099 
•hows the action of the knife and spring-ontter, when forced down into the tubing, r^idy to 
oommence cutting. It also shows the lower end of the new tubing enclosing the others at the 
oommenoement of the work; the junction of the tubes, by means of the half-lap screw, being shown 
at/. Fig. 1100 shows a front view, with Imife or cutter 6. Fig. 1101 shows the action of the 
spring and cutter when the requisite length is cut through and ready for lifting ; the position of 
the tube being maintained perpendicular, or nearly so, by the ball or thickening on the rods at K, 
and the lower end of the tube being supported by the projecting steel cutter at 6, the dotted 
lines from dice showing the position of the new steel-ended tube when screwed down ready for 
another operation. In boring aeeper after the tubes were removed, three wooden blocks were used 
round the rods in the new tube to keep them plumb. 

*< In examining the nature of the strata thus passed through, as described, it will be evident that, 
to ensure success, the tubing, of whatever it is made, should be as truly cylindrical as possible, 
straight, and flush surface, both outside and in. It will also be evident that in thus joining pieces 
oi tuning together in this manner, the thickness ought to have a due proportion to the work 
required, and the force likely to be used in screwing them down; and also that the only correct 
way of getting such tubes effectively into the ground is by screwing and not hammering, as in the 
case of pile-<&iving, or similarly to forcing a nail in. The author has seen this attempted on 
SBTeral occasions, but invariably with failure to the success of the work, and is convinced that no 
successful practical borer will adopt such measures. 

** In some cases we had to widen out holes below the sharp edge of tubing, so as to permit its 
descent. This is an operation requiring great care and attention.** P. S. Reid, in concluding, 
observed, **That no branch of mine-engineering is oualified to bring out more thoroughly the 
abUities of a young engineer than a perfect knowleage of the science of boring, reouiring, as it 
does, the best mechanical drill, as well as the best ^owledge of assaying rocks by chemical 
analysis. He is awaro of moro than one deep boring in important districts, which were finished 
many years ago, and cost large sums of money, but which, in the then knowledge of chemistry, 
were not critically examined, and hence, so far as their results are concerned, are utterly useless ; 
the fact being that, beyond the colour of the material bored through, it is unknown whether it 
was a limestone, or what it was, to this day.** 

Sock-boring Machinery. — In driving a tunnel or quarrying in hard rock, the onlv method 
whereby the rock can be worked is by blasting ; and the lt(^k-boring Machine, which we will 
presently describe, was constructed by George Low for the purpose of boring the blasting holes, 
with a view to facilitate and expedite the work by superseding the very slow and laborious mode 
of performing this operation by hand. The machine is driven by compressed air, and works a 
bonng tool or jumper for boring the holes ; and the boring-tool works in a direct line, with a self- 
acting; reciprocating motion at a very high velocity, and is continuously turned round during its 
working, hieing made to rotate slightly between each blow. 

The lx>ring-tool is fixed direct upon the end of the piston-rod of a working cylinder ; and this 
working cylinder moves within another exterior cylinder, in which it is made to rotate for the 
purpose of giving the rotating motion to the tool. The working cylinder has also a longitudinal 
RNTward motion within the exterior cylinder for giving the advancing feed to the tool, the working 
cylinder being propelled forwards by the compressed air that works the tool, thereby dispensing 
with the necessity for employing propelling gear, which is liable to break or get out of order, and 
is subject to rapid wear. The exterior cylinder is carried by a spherical trunnion in a movable 
radial arm or jib mounted on a travelling carriage, which gives the means of adjusting the boring- 
tool to any desired direction and position, so that the holes may be bored in the most suitable 
directions, according to the strata of the rock, for the blasting to take the best effect in breaking 
up the rock. 

This rock-boring machine, which is the invention of G. Low, is shown in Figs. 1102 to 1112. 
IlgB. 1102 to 1106 are sectional plans and longitudinal sections, showing the boring-tool and 
working cylinder in different positions during the working of the machine ; and Figs. 1107 to 1112 
are transverse sections at successive points. 

The machine is only 4 ft. 6 in. total length, being made as short as possible in order that it 
may be moved in any direction in the tunnel, so as to enable it to be set to bore at any angle and 
in any position and direction that may be desired. The working cylinder A, Fig. 1104, constructed 
of brass, is placed inside an exterior cylinder B of cast iron, which is fitted with a spherical 
tnmnion G to support it in the radial jib or arm of the travelling carriage, as shown in Figs. 1122, 
1123. The inner cylinder A is free to move longitudinally within the exterior cylinder from end to 
end as it advances during the process of boring, as shown in Figs. 1104 and 1106; and it is also free 
to rotate within the outer cylinder, for giving the rotating motion to the boring-tool D. The back 
end of the working cylinder A is packed with a cupped leather, sho¥m black in Fig. 1106, so as to 
be air-tight when moving within the exterior cylinder B. The front end of the working cylinder 
A fits into a wrought-iron cross-head E, in which it is free to revolve ; this cross-head is bored out 
on each side to slide upon the two screwed guide-bars F, which are bolted to the exterior 
cylinder B, Figs. 1106, 1110, and 1111, and are carried forwards to the end bearing G of the 
machine. The guide-bars F have a double thread of 1 J-in. pitch chased upon them from end to 
end, but the thread is planed off on the inner side of each screw down to the body of the guide- 
bar, for the purpose of obtaining greater compactness in the construction of the machine, as seen 
in tiie transverse sections, Figs. 1110 to 1112. 

At the back end of the working cylinder A is the air-valve N, Fip. 1106 to 1108, which is a 
drenlar disc valve with six inlet-ports and six exhaust-ports, as seen m Figs. 1107, 1108. This 
talTB ia tamed by a double spiral cam O, which is carried forwards into the end of the piston and 
piatoo-iod K, and ia acted upon by the four rollers P P, Figs. 1106, 1109, bearing on both sides of 
the MfML wings of the cam. The spiral wings are so sloped that as the piston moves backwards 
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and fonnrda the oaiu Is gently tamed or twisted, canyine with it the air-TBlve N ftied upon the 
Riiiidlfl of the earn. The elopes of the cam are so amiDgcd that the valve N opens the inlet-perta 
lor admittinf; the oompressod air to act upon tho larf-e area of tlie uiHtoo, in otder to make the 
forward stroke of the tool ; and tho Talro ia then turned so as to aJlow the air to eiiiaust agam 
after the piston has struck the blow, Tho rotum stroke of the piston is produced by a constant 
preaBnre of the compressed air upon the small aouular area of the front of the piston, the preBsure 
for this purpose being mointained through the two ports shown in Figs. 1106 to lliO, which ore 
Always opcu. The eih&UBt air is diac)iitrged at tho front end of the exterior cylinder B, being 
carried along grooves in the circumference of the working cylinder A, aa seen in the plan, F^. 1101, 
•nd the transverse sections. Figs. HOT to 1110. 

The boring-tool ia caused to rotate by rotating the working cylinder A, the piston being 
prevented from turning in the cylinder by means of two date planed on opposite aides of the piaton- 
»d E, which fit into corree ponding flats in the stufSng-box of the cvlinder. as seen in Figs. IIOS, 
1110, and 1115. The rotating of^ tho working cjlicder A, with the pistoil and boring-tool, is 
effected by hand by the worm Q, Fig. 1110, wliicb is turned by the handle E, Figs. 1110, 1111, 
and gears into e. worm-wheel flxed on the square shaft S. The brass pinion T, Figs. 1 103, IIOS, 
and 1111, slides upon the shaft 8, and gears into the teeth IT round the circumference of the 
working cylinder A, Figs. 1101, 1111 : so that by turning the handle R the working cylinder is 
caused to rotate ; and as the cylinder advances at each turn of the nuts H, the pinion T slides 
forwards with it along the square shaft S, as seen in Fig. 1105. In an earlier construction of the 
boring machine, having a pair of cyliudrical trunnions instead of tho present spherical bearing C, 
■ aelf-acting rotating motion was obtained from the spiral ram that works the disc air-valve N, 
byjHidtmging the spindle of tho cam through tho imck end of the eiteriot cylinder B; and a 
couple of pawls on the end of the spindle worked into a ratchet-wheel on the end of the square 
•WtS, which was also prolonged backwards for the purpose in the absence of the spherical bearing 
0. In practice, however, it has been found preferable to rotate the working cylinder by band, by 
means of the handle G, ag above described, because the very rapid reciprocation was very severe 
upon the self-acting rotating motion, making it liable to derangement ; and the hand arrangement, 
besidas having the advantage of simplicity, avoids the nece;)sity of prolonging the shaft B 
backwards, and thus allows of adopting the spherical trunnion C, which gives inoreosed taoility 
ibr turning the machine into any position desired for iwring tho holes. 

The cross-head E slides forwards along the two screwed bars F as the working cylinder A ia 
advanced inside the exterior cylinder B during the process of baring ; and in front of the oroas- 
Iiead the nuts H ore fitted on the screwed bars F, against which the cross-head and with it the 
working cylinder are pressed by the pressure of tho compressed air behind the working cylinder A 
The nnts U are held from turning, and thereby prevented from going forwards, by four pro- 
jecting atopi npon their circumference. Fig. 1112, which are caught by the oatchee t bdow; theae 
«at^ea an kept preteed np by springs esunst the under-side of the nuts ; and between tlM two 
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catcheH in placed a tnppet J, ao onired that it may be struck bj tlie ertdoflho ptaton-rod when tlu 
latter haa reacbisl thu outer cxtreniitj of it> atcdce, aa ahowii iu Fig. 1 105. 

The moile of action of tliis advance mntioti ii as Kdlowa : — Tlic comprewied Air fa ndmitted bjr 
the flexible pipe L into the exterior eylinJer B 1)chiDd the Inok end of the working cjlinder A, 
which Ih tliUH kcjit pressed outwarda a)>aiiiiit the emHu-hcad K, while tba iiii— IiimI ia kept in it* 
place and prevented fniin ^inj; rnrwnriia by tlie nuta H, and theae aie prevantad ftiMn *""'"g 1^ 
the catrhCB I. But when the boriiiK-f»] D ha<i advanced ] in., the diataace due to one ipmitK 
turn (if tlie nutH H, the outer end of the piitton-rad K, irhicb in allowed a nnf;e of } iu. varistim 
io the length (if its stroke, strikes Bgaiuat the tappet J, aa sbowTi in Fig. 1105, and irprriTia it 
sufficiently to make the catclios I release the projections on the nuts K ; the forw&rd iiiiwiiiii of 
the working cylinder and croax-head a);»iniit the nuta then cauaea them to slip pant the cslchw 
and advanee one cjuartcr turn, thereby moving; forwards } in. upon the acrewea twra F, when th» 
next projections on the eircitmfercncc of the nuta are caught by the catchea I. Thia |iii»<iaa ia 
repeated for every j in. bored by the tool, until the nuts reach the front end of the screwed 
b»rsF. 

By this arran^nient tlie boriug-tnol is nllowed to advfmcc b.% whatever rata it lanj be eattinc 
in the rock. 'Wlicu the rock ia compnmlivcly i«sy to bore and the tool is ontting is^dlr, th* 
projcclions on tlic nuts ulip pant the catches from one to another rapidly, and consequently allow 
each succi!SiiiTe j-in. advance to oixia more quickly : whilst when the rock is harder Rnd the tool 
ia cutting slowly, there is so mucli longer an interval iH^wccn each release of the (Btcboa, mod the 
advance of the nuts is less frequent, tlius admitting of a greater numlNU of stroke* being made hy 
the boriiiK-to"l for cocli J-in. lenplli .if hole bored. 

For winding back the working cylinder A by banil, when ro(|uired tor the purpose of changing 
the boring-tool, the two worms M H, Fig. 11I'2, tumiHl liy a hand-wheel, are ge«red into the nub 
H, aa shown in Fi|^ 1102 to HOG. The friction of the worms also acts as a break to prerent 
the nuts from turning too suddenly, aa it rauseH them to move gently when the projections on the 
nuta are released by the catches 1 at each }-in. advance of the boring-tool. 

As the working cylinder A and croes-hcsd B only prosa looHoly forwards against the nnta H, 
neither the nuts nor the screwed Inra F reoeivii the slightest jxirtion of the ooniniasion from the 
btowH of the tool ; but the shock of each blow is conveyed direct to the air-cuafaion belunil 
the working cylinder A, in the bnek end of the eiterior cylinder B, This effectually prevent* 
erystalDzatiaD of the portions that arc exjxised to the direct concumion of the blow, and prevents 
any loosening of the several porta of the macliine ; it also relieves the caniage-buue from the fbU 
shock of the blow, and steadieii tlio boring cylinder. 

At the outer end of the two guidc-barit ¥ aro two screwed caps V V with atcel pointi, 
Figs. 1102, 1104, for the pnrjioso of steadying the end of the lna(^hme against the rook. "ThM 
outer end of the horing-tuoi D in steadied iu the front bearing Q, acmss the end of the two gnide- 
ban F, in order to conipel the tool to bore straight when it lueeta with extra hard nxik or qoartx 
veins inclined to the direction of the hole ; and by turning thu handle W, the top baaiiiig or step 
can be readily lifted out when the boring-tool requires taking out for changing. Daring the 
working of the tool a Jet of water is kept oanstaiitly playing into the hole ; and this, aided by 
tiie reciprocation of the tool, effectually clean out nil the loose material aa fa<t eis it ia dctMhed 
by the tool, without ever rn|iiiring thu tool to be withdrawn, as in hand-labour, for the purpose of 
clearing out the hole. In one of these boring machines, worked in the Boundwood Tunnel of the 
i>tiblin CflrporntioD Water-works, tlie water wa« obtained from the top of the tusnol shall, being a 
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ErtioQ of that rabed bj the pumping eagine which diaiued tha tunnel, utA the jet n 
to the bore-hole under » prennre of about 80 Iba. per aa. in. 
The mode of fixing the baring-tool D in the piston-rod K is ahowit in Figs. 1113 to II15. Tha 
fliing of the tool is t, Tor; imiiortaiit point in the working of the machine, in order to ensare a 
thotooghl; seonre fixing and st the mme time the means of readily and qoicklf changing the 
tool. The tool D ia dropped into a socket in the end of the piBton-rad K, and the parallel cotter X 
being then passed through is fixed by the Bcrewed gland Y, which presses the tool home to tha 
bottom of the socket, and secures the ootter endwajs by entering into the two notches in the front 
edge. The gland ¥ is prevented from turning back by a ratchet and spring Z ; and fbr ralaasing 
the tool the spring is held back by a stud whuo the gland is unscrewed. 
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it from being led away sidewajs when it meela '!••• 

with a vein of quartz harder than the rest of 
the rock and lying mooh inclined to the direc- 
tion of the hole. The second tool. Pigs lllb. 
1118, used for completing the hole, is a chisel 
formed with the cutting-edge in three bevels a 
little inclined to one another in both directions 
The chisel shown in Figs. 1111, 1119, was found 
the best for boring straight, but it could not be 
made to stand «^ and was consequently aban 
doned. A hollow tool has also been tned loto 
which was inserted a water-jet ; and the exhaust 
air from the cylinder was also turned into it, 
which blew the water out from the point of the 
tool into the hole with considerable force Thu 
was found a most excellent plan for keeping the 
hole clean : but in consGoucnco of its complict 
tion and the liability of the jet-orifice to becom 
choked up with deposit from the water en 
ployed, it was abandoned, and the separate 
water-jet already described was substituted 

The frame uid carriage for this bonng ma- 
chine are shown in Figs. 1120, 1121. The tra- 
versing carriage A is made very low, in order ; 
to allow oF r^dily removing the (Uftrit from ' 
blasting : and upon it is mounted the upright pillar B, capable of swivelling round upon the c»rrii«fl 
and having means for clamping it securely between the lop and the bottom of the tunnel. The 
working cylinder C vrith the boring-tool D is carried by the transverse frame or rest E upon the 
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cylinder C can bo Iravi'TiuHl into any poHitirin in the frame K by n 
ly the hand-wheol H ; nrliilc thi> frame E can itHrlf be tumfil mund upon the axia of the hnriiontal 
ib ¥ by the hand-wlipel I Hnrkin;; tba wrirm-wliccl J. and the Jib P can be lentrthened or Hhotlened 
jy (ho hand-wheel K. By tliEa nipana the boring cvlinder C can ba adjiiatwl to any part of tbs 
itoe nf the tDnnel ; and tiie H|ihuricel trunom by which the boring cvlinder ia earned in the um 
.) allows of ita bcinf; iilnced tn bore in any jxieitinn and din«lion. These wver«I ndjuatiiiK mort)- 
ucnU enable the toiil to bore the holes in the exact line the miners may viab to place the ohot, 
ti the bnriiiic cylinder can work either upwards, downwardu, sidcwnys, or at any incIiiiBtina ; •m] 
dl the movements are at alt times central and within easy rcacli of the attendant, irhatever may 
M the directum nr povitiim of working. 

The transverse frame or rest E is provided at Mch end with a pair of prnjectin^ steel pointa 
LL, which can be Icn^hened or shortened so aa to clamp the rest secnrely Bgainst the roc^ 
hereby relieving; the horizontal jili F and the pillar B fmni tlie shocks produced by the blows of 
^e borinf>-tool. The steel points L Ij are sttached tn jiintuns inside the colamna of the rest E; 
ind. by admitting the cnnipreiimtl air lietwi'cn the pistons, the points are cauaed to strike oat 
itrniniit tlic sidles of ttio tunnel, and arc then icciireil by self-lockinj* catches. It is generally found 
lufBcient, however, Himply to wedge the hind whcela of tlic carriape in order to render the whoU 
lerfeclly steady, without any aecesaity for clampinc the carriaKO and rest aRainflt the rock. 

The mmpr^sod air for working the boring maehino is supjilied by an Air-oompreBsing Engina 
it the top of the shaft, driven by a small' portable steam-engme. The air-compressing engine is 
Jiowu in Figs. 1122 to 112G, and consistK of two liorizontal compressing cylinilers A A, Fig. 112^ 
ttted with air-tight pixtons packed with brass rings or cupp^ lunthcrs, Fig. 1124. On each 
^nd of the cylinder A are upright chambers C C, and on the top of each cliamber are a pair of 
nlct and delivery air-valves, so that there are two inlet-valves D D and two deli very-TuI Tea E E 
o each compressing cylinder; tlioso valves are circular, and fit air-tight upon conical foeea. a* 
een in Figs. 1124. 1125. Tlie four inlet-valvra U D are each BUH[>endi:-d from a lever P, and in 
he original construction there wnn simply a weight on the outer en<I of the lever to canae the 
'alve to shut when tlie pinton B had drawn in xiiHieient sir to fill tlje cliamber C ; it was found, 
lowever, that the valves did not work very steadily witli the Icvera and woighta. and they also ohiit 
leforc the pieton reached the end of the stroke, so that part of the stroke was wasted in oselaaaly 
[ipandiiig the air in the cliamlicr C. A cam G, Fig. 1 125, work«l from the crank-ehaft H, waa 
herefore Bddi.il to each of the valvC'leverB F ; and the cam npi>ns the inlet- valve at the commeDoe- 
nent of each forward or suction stroke of the piston, anil ki'cps it open till tlie commencement of 
he return or com[irt!Biiing stroke, when the valve is sliut suildenly by the weight : and thia 
rrangement has proved quite satiiiractoty. The deli very- valves E K arosliut hy the back-prcaanre, 
ji soon as the compressed air is all forced out of the cliamberH C; they deliver the air into the 
.ir-vessela J, whicli are fur the jiur|iose of equalizing the pnwsuro of the air under the varying 
iressure of the stroke, A pijie K from each of the two air-vcHScls convi^ys tlie comprewed air to a 
arge wrought-iroii receiver, from wliicli it ii supplied for working the boring machine. 

The two air-comtiressing cylinders A A. Figs. 1122, 1121, are each 14 in. dUmeter with 18 in. 
ength of stroke, and are placed at each end of a cast-iron bed-plate ; the pistons are worked by 
onnecting-rods from the double cmnks H at right angles to each other, which receive motion 
rom the oountcrsliaft L driven by the steam-engine. By employing two cylinders of half area 
ach for compressing the air, worked by cranks at right angles to each other, instead of a single 
arger cylinder, an ndvantago is gfllneil in delivering the compreiweil air to the receiver more 
inifonnly, and also the strain on the working i)arlH is more evenly divided. The cylinders A are 
illcd with water, which rines at each stroke to the top of the upright chambera C C, and the 
urplns water is forced through the delivery-valves E, the ohicot licing to fill up every space vitb 
mter at the end of the strotn-, and so ensure every pnrtielu of sir lieing forced through the 
clivery-valves. To allow for leakage and waste of water, a supply is kept constautly ftowinx 
atp the iulet-valves D from the smntt pipe KI, regulated by a tap ; and the water fiirced thronefa 
he delivery-valves at each stroke keeps the air-vesselH J J constnntly filled with water up to &e 
louth of the pipe K, so that the compressed air ia kept quite cool. The sntplns w ' 

ato the pipe K slowly aceumulBtes iu the large b"^~ — ■-"- "-' "' - 

ecanionaUy. 



f which it ia d 
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The crank-fllttft H it driTen at 22 rcvolntions a minute, and at each stroke the frfsloii dimvB 
in the air throafi;fa the inlet-valvo at one end of the cylinder, and oompreases the air to six atmo- 
flpheres, or 90 Im. the sq. in., at the other end of the cylinder, discharging the compressed air 
through the delivery-valve to the receiver. The minimum pressure maintained in the air-ieoeiTer 
is 75 lbs. the sq. in., and the maximum 125 lbs., the average being about 85 lbs. the aq. in. 
From the receiver the compressed air is conveyed, by cast-iron pipes wiui india-mhber joints^ vp to 
within 50 ft. of the boring machine. It is then conveyed to the machine through an india-mbbsr 
pipe made with six-ply canvas, and about 100 ft. long, which allows the boring machine to be 
advanced or drawn back without undoing a single joint. 

This boring machine, of which a longitudimd and transverse section are shown in VigB, 1I20L 
1121, was employed in the construction of tlie Round wood Tunnel for the Dnblin Corporatkxi 
Water-works, where it bored the holes for blasting at one of the working faoea. The tumisl 
is rectangular, 5 ft. wide and 6 ft. high, and is carried through Cambrian rock of a remarkidily 
hard and difficult character, interspersed with quartz veins. Six shot holes of 20 in. depth were 
usually fired at each blast, and these six holes of 1} in. diameter were all bored hy the nttu^hin^ 
in about 3} hours ; two chisels were used for each hole, which required fresh grinding before bong 
again used. With hand-work, however, each of the same holes takes 2^ to 3 hours for driUing, 
and requires usually about fifteen fresh tools before it can be completed. The practical value of 
this remarkable saving of time tliat is effected by the use of the machine is specially experienoed 
in such work as tunnelling or other rock-blasting, where saving of time is of such great import- 
ance both in expediting and economizing the work. The average rate at which the very nari 
rock was bored by the machine at the Round wood Tunnel was about 1 in. a minute : and it has 
been found as the result of experience with the machine that it bores quicker and keeps the 
edge on the tool better by striking with less force of blow but with greater rapidity. The 
number of blows has been increased from 250 to 500 or 600 blows a minute, and the result is 
that one hole is now bored with two tools without re-sharpening, instead of using five or aix took, 
as formerly ; and with one tool a hole of 26 in. depth was bored in the Dalkey granite without 
re-sharpening. 

The following are the results of working in the Dalkey granite : — 

Ist hole, 24^ inches deep, in 11 minutes 10 seconds. 
2nd „ 19J „ „ 14 „ .. „ 

8rd „ 9 »» »» 5 „ 55 „ 

4th „ 4i „ „ 2 „ 10 • „ 

5th „ 9 „ „ 7 M 35 „ 

6th „ 9 „ „ 5 „ 25 „ 

The following are the results of working in the remarkably hard rock of the tunnel at Boundr 
wood, Wicklow : — 



Ist hole 



8^ inches depth, in 3} minutes. 
^ 11 11 3 „ 



Total .. 23^,, 
2 
9 



2nd hole .. P^ 



Total .. 21 
3rd hole .. | ^ 
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4th hole .. I ^^ inches depth, in 6 minutes. 

Total .. 19 „ „ 9 „ 

5th hole .. /^?* " " *- »» 



I 8 „ „ 4i^ 



n 



Total .. 15 „ „ 15 „ 



Total .. 18i„ „ 8i^„ 

6th hole .. 14 „ „ 10 „ 



The average at which the machine continued to bore was, for the first portion of the hole, 10 
and 11 in. depth in 4^ to 8 minutes ; and for the second portion, 9 and 9^ in. depth in 3 to 3) 
minutes. 

The following special points of advantage have been experienced in this boring machine ; and 
these may be considered as essential conditions to be fulfilled in a good machine for the purpose 
of boring in hard descriptions of rock, and for standing satisfactorily the special wear ana tear to 
which such machines are necessarily subjected. 

The boring part of the machine with the tool is made very short, so as to allow it to woric in 
any direction and position in the tunnel, in order that the blast of the hole bored may displace 
the largest amount of rock. The carriage-frame carrying the working cylinder is also Terr 
compact, occupying little space, and allowing the cylinder to be quickly sdjusted into any dedrsd 
position. 

The reciprocating parts are very few in number, and are in the direct line of the blow ; these 
are only the piston and rod in one piece of steel, and the tool secured in the piston-rod so as to 
allow no play. Moreover, in order to prevent crystallization of the parts exposed to the direct 
concussion, a cushion of air is provided at the back of the working cylinder, which also relieves 
the candage-frame from the shocks of the blows. Also, the tool being made to reciprocate with the 
piston, the hole is more easily kept free from the debris than when the tool is stationary and 
receives blows from a detached piston, as in other descriptions of boring machines ; and the strong 
water-jet playing into the hole is found to keep it quite clear during the process of boring. 

The advance of the tool is self-acting, and exactly at the same rate that the tool is cutting, 
however variable may be the nature of the rock ; and whether the tool is cutting at the rate of 
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3 in. ft minute in one port of the liole, at oalj 1 in. a minute In another p»rt, the advauee giren to 
the tool ii exactly at the game rate that the boring progreana in each case ; ao that there ii no 
risk of the piiton at anj time irorking beyond its proper raoge of Btroke, aad striktng the 
cylinder-cover. The advance motion for the tool is obtained from the pleasure that drives tha 
piatoD, wilbout the oae of propelling gear, the abeence of which greatly increasea the durability 
of the machiAo. The turmtig motion for the tool alao, being connected to the Btationar; outer 

Slindur, ia freed from the source of demngemeut uiat would ariae Eram the rapidity of the 
DVii of the tool if the turning motion were ooDnaotad to the reoipnMatin^ part TbB taoUaa 
tea wcrking the Talvo is Rradiial and eajy in ita aolian, ao ttat a Terr rapid aotiDn ia obiaiaad 
without any destructive i^ioi^i. The ontar and of the too] ia gnided m a bearing, to prevent it 
from working to one side, and getting jamioed when meeting with an oblique vein of harder 
material. 

The machine ia arranged so that it can be brongbt to work again immediately after a set of 
bolee have been blasted and before the Mirii ia retnoved, which can be done whilst the machine i« 
at work, the material tieing carried or thrown through the deer space left by the carriage-frame; 
and a Jet of air being left open near the fitoe at the timeof explosion soou dilutes and olears off the 
gases resulting from the eiploeionof the powder. Thia saves much of the loss of time which ooean 
with other oiachinea in removing the (Ubrit before the macliine can be set to work i^ailk. The 
compressed air, on being discharged from the boring cylinder, alio aerrea effectivelj to ventllata 
the workings, and supplies fresh air to the miners. 

Bergalnrm'i Boring Uachine. — This lioring machine. Figs. I12T to 1132, which is now being 
used at the Feneberg mines, near the town of FbilipstaiC in Sweden, is a modification of that 
constructed by Schumann, of Freiberg. 

The macMue consists of a cast-iron ^linder A, Fig. 1127, 4} in. in diameter, in which the 

tiston B, and at the same time the barer died in the socket O, is moved by compressed air. The 
ingtb of the stroke is 7 in. The compressed air enters by a pipe at D, and then passes throngb 
one of the ports B into the cylinder, and moves the piston backwards and forwards. F and F are 
two single-acting cylinders, in whioh the pistons L, and their conimon piston-rod, are moved bv 
air. K is the ^do-valve, which is pushed tnohvards and forwards by boasea on the piEton-rod, 
in order to make the air act sometimes on one aide of the piston and aometimes on the other. By 
means of the uuta at L, the position of the slide-valve on the valve-fkce ii determined, and ecm- 
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MnnentlT at the nme time tbs entry of tha air. H la a gaiOe tat the •lide-TftlTO. Ctaft* 



tho worm-wheel B, which thus oium the spindle S to rotate. The ipiadls S hM en ea^ 
aide a (sroore, in which fmthera, dovetailed into the hollow piaton-Tod C, nn noduy wan, and 
thua when the Bpindle tutna it causes the rotation of the piaton and oonaeqnently aJao of the 

The machine hanpn rrom. or may be snpportcd by, a bar T IibtIdk » thread cut on it. In 
order to prevent tho macliiiie from tnming on the bar T, the thread ia ont *w*7. aa ahown <m 
the croBB-sertifin and plan. By menna of the screws U and U, the rod ia flrmly forced •8*iM 
tho rock. The advance of the machine is effected by hand, by working a wind^-lwndle X, wUA 
actuates a mitre-wheel Y, which gears into another mitre-wheel on the nnt W. Thu nnt W w 
held t)etweeD two lugs cast on the cylinder, anil therefore aa the nut ia caoaed to Ktete tl» 
machine advances or retires. The machine givea 200 to 300 and oven S50 blown • minnte, and 
the borer makes one entire turn for 22 blowa. 

Blnit.— In order to furnish a point of snpport for the screw* U, a wooden rtnit. Fig. IISO, m- 
vided with an iron at iU upper end, and at iU lower with an kdjiutable Kiew and tripod, li 
firmly fixed ftenMa the levoL 

IIM. "*>• . 




dm 



It will now be readily nnderstood that the machine can 1 
aequentlv liolcs can bo borcil in all directions. It taken two m 
to attend to it. The other nan cnn bo boring by hanil in the uipanlime. 

Air-ampremu: — At the I'enicberg mines tho innchiiio JH worked by oompressed air. The air- 
compresaor, FiRB. 1131, 1132, wan desired by I'mfcssor Angstrom. II consiats of two vettiral 
iron barrels, 15| in. in diameter nud about H ft. high, communicating with one another at the 
tmttom by a chamber. 

The upper end of each barrel is provided with a vbI vr-1>ox having two valves, one opening 
inwards, fur the admission of air, and the other outwnnlM into the dclivery-boi, for the eduction « 
air. In one bturel a piston is made to work up and down, nnd in onler to deliver every particle 
of air at each stroke, aod to keep the barrets cool, a qunntity i>F water is placed inside the pnmp^ 
which at each dtrolte entiri'ly Gils up the valTe-boi, and thus expels the whole of the air from the 
pniup. Tho other barrel has no piston working in it, but is also filled with water, which is caiued 
to rise and fall as the ptaton );oes down and up. This water nlso forces out all the air from the 
barrel and valve-boK at each stroke. The piston-rod iH connected to the main rod of the pnmpiug 
engine, and is provided with a croKS-head, from »hic)i a weight is suspended by rods. The sboke 
Is 7 ft. Four strokes n minute furnish enough pir for one boring machine. The air must be com- 

Eressed to 15 lbs. or 20 Iba, a bi|. iit., whirh ccrreaponds to an excess pressure of 1 or 1^ atmoaphere. 
', Buch a pressure cannot be hnd, no good results arc obtained. 

This air-compressor in six^ially oonstructcd for places where the power Is derived from tlw 
main rod of the pumps. It is onnniderod that 5 or (> horse-power would be required to drive an 
air-compreaflor. In the Pcraeberg adit the aii-compressor is from (SO to TO fathoms &om the end ; 
there is no regulator. 

iT^i.— The air is conducted from the compressor along the level by caat-ironflange-ptpea,4in. 
in diameter and 9 ft. long, with a. small spigot and socket, the joints being made with tar, mixed 
with finely-powdered brick and lime. 

These pipes conduct the air very nearly to the end, and the air is Snail; bronght into the 
machine by some 30 ft. of india-rubber pirn, 3 in. in diameter and -f, in. thick. 

F. B. Doering's tock-boring machine, Figs. 1133 to 1138, has an effective uuiani of regnlatiug 
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the forwud morement of the nuiin cylinder in which the piston carrying the tool works, m ths 
work pro^rosse*. A piBtoa-vRlve a regulate* the supply of water or other fluid to and its outlet 
from & peir of ojllnders b b, attached to the main ojlinder c, the Tftlve a being worked by a piston 
in a cyfinJor by motive fluid distributed from the tnein cylinder to the small cylinder d, the piston 
of which is connected to the valTe. Instead of attaching the adjacent cylinders to the boring 




ojlinder, the pistons of these cylinders may be attached to the working ot boriug cylinder, the 
adjacent cylinder in this case being flied. The adjacent cylinders i b have each a fixed piston r, 
and a supply of compressed air may be maintained at the fiont. So much of each of the cylinders 
as is behind tho piston or pistons is filled with water. A tube connected at / leads from the 
pUlon- valve a to a rcBcrroir containing this water or fluid. 

The action of the ongioe is as follows : — Suppomng the main cylinder c and adjacent cylin- 
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den 6 6 are at the bade end of their travel ; whenever the tool, as it oontinneB to work, has cut to s 
sufficient depth to allow the main piston to uncover a port in the main cylinder oommiuiicatuig 
with the cylinder of the piston-valve a, this valve moves and allows part of the water in the adja- 
cent cylinders 6 6 to escape under the pressure of the compressed air on the other side of the fixed 
pistons e e^ or under the pressure due to the weight of the machine if the same is working down- 
wards. Tlie adjacent cylinders and main cylinders are thus caused to advance, and this advanee 
tidces place intermittently, according to the quantity of water which escapes from the valve, until 
they reach the forward end of their traveL A cock at the front part of the adjacent cylinders is 
then opened to let out the compressed air, and pressure is exerted on the water in the reservoir to 
force the water through the valve into the adjacent cylinders, the small cylinder d ezhansting into 
the main cylinder to allow the valve a to be moved by the pressure of the water, the piston of the 
main cylinder being put into the required position. The pressure of the water in the adjacent 
cvlinders causes them and the main cylinder c to run back on their supporting-bars to reoommenoe 
their forward travel ; the valve a is then closed, the cock at the front end of the adjacent cylinden 
reversed, and the pressure in the water reservoir removed. 

When the engine is working vertically or nearly so, the employment of compressed air in the 
adjacent cylinders may be dispensed with, as the weight of the engine will be sufficient to effect 
the feed as the tool cuts. Again, instead of compressed air in the acMaoent cylinders, a vaeaum 
may be created in the water reservoir connected with the valve. This application of water to 
regulate the advance of a boring engine may be applied directly to the advance of the boring-tool, 
as shown in Fig. 1137, the cylinder a being stationary, and the piston-rod 6 forming a cylindo* in 
which a piston c attached to the boring-tool moves. Water is placed in the front portion of the 
piston-rod at /, and a pressure of the motive fluid acting on the back of the piston being con- 
stantly supplied through A to keep it pressed apiinst the water so as to advance when the water 
or a portion of it is discharged through A. In this case, the valve for the discharge is formed by 
the piston. This discharge can only take place when the tool has penetrated to such a depth as 
to allow the port k to conmiunicate with m. A circular groove is cut in the pistcm at il to regulate 
or adjust the engine for working in materials of different hardness or softness. 

The ports gg </, Fig. 1133, in the main cylinder are formed at various distances from the cylinder 
end, and communicate with the passage leading to the advance cylinder d through a cock oommoD 
to all these ports. According to whether the material operated upon necessitate a short or long 
stroke, the cock is turned to open the way between the advance cylinder and one or other of the 
ports, to produce the advance of the engine when the main piston has passed this port in its stroke, 
instead of employing a cock common to all these ports, the inventor has provided plugs by which 
he can close all the ports except the one required for work. It is also sometimes desirable to alter 
the position of the ports in the main cylinder for working the valve ; this may be effected by a 
cock A arranged similarly to that before aeecribod, or the communication between the cylinder and 
its valve-piston may be throttled or tcire-dratm. 

For the purpose of securing the tool in the end of the piston-rod, Doering threads the end of 
the piston-rod to receive a nut i, Fig. 1 135, and makes the position of the ordinary key 6 adjustable. 
The nut a is screwed up and the key driven in, thus enabling him to dispense with the washers 
usually employed. In some cases grooves r, Fig. 1136, are formed in the nut to keep it from 
turning. A nut is also employed on the inner end of the tool-head. Fig. 1138, and the main 
piston-rod formed hollow so as to pass the tool down it and secure it by a nut and key, as in 
Fig. 1135. 

Mather and PlatVs Boring Machine. — The construction of the boring-head and shell-pump, and 
the mode of acquiring the percussive motion, constitute the chief novelties of the system and 
machine, shown in Figs. 1139 to 1142. The couple-cylinder engine, with the reversing or link 
motion, is used for winding and lowering tlie apparatus ; but an ordinary winding engine, «wrfWi' 
to those used in collieries, may be applied. 

The boring-head consists of a wrought-iron bar, about 8 ft. long, on the lower part of which is 
fitted a block of cast iron, in which the chisels or cutters are firmly secured. Above the chisels tn 
iron casting is fixed to the bar, by which the boring-head is kept steady and perpendicular in the 
hole. A mechanical arrangement is provided, by which the boring-head is compelled to move 
round a part of a revolution at each stroke. The loop or link by which the boring apparatus is 
attached to the flat wire rope is secured to a loose casting on the wrought-iron bar, with liberty to 
move up and down about 6 in. A part of this casting is of square section, but twisted about one- 
fourth of the circumference. This twisted part moves through a socket of corresponding form on 
the upper part of a box, in which is placed a series of ratchets and catches, by which ue rotary 
motion is produced. Two objects are here accomplislicd — one the rotary motion given to the 
boring-head, the other a facility for the rope to descend after the boring-head has rtruck, and so 
prevent any slack taking place, which would cause the rope to dangle against the side of the hole, 
and become seriously injured by chafing. 

The shell-pump, Fig. 1141, is a cylinder of cast iron, to the top of which is attached a wrought- 
iron guide. The cylinder is fitted with a bucket similar to that of a common lifting pump^ with 
an india-rubber valve. At the bottom of the cylinder is a clack, which also acts on the same 
principle as that in a common lifting pump, but it is slightly modified to suit the particular 
purpose to which it is here applied. The bottom clack is not fastened to the cylinder, but 
works in a frame attached to a rod which passes through the bucket, and through a wrought- 
iron guide at the top of the cylinder, and is kept in its place by a cotter, which passes Uuough 
a proper slot at the top of the rod. The pump-rod, or that by which the bucket is worlced, 
is made of a forked form, for the twofold purpose of allowing the rod to which the bottom dack 
is attached to pass through the bucket, ana also to serve as the link or loop by which the whole is 
suspended. 

The wrought-iron guide is secured to the top of the cylinder, and prevents the bucket fhxm 
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being i]nwn out when the wIioIp ia 
■o BiupeDdnl. The bottran cliiok 
also ia so nrrani^cl tlint it in nt 
liberty to liae aliont f! in. rmni ila 
■anting, BO as to &Un<T InrRe frng- 
menta of rock, or otlier nuitcrial. to 
h«ve free ucccbb to tlie intt-rinr of 
tbe cf liQiIer wboD a inrtial vacuum 
ia formed there by tlio np-otroke of 

Tbe pcrcuBaive motinn ia prn- 
ducoil by racons of a Bteam-cjlindpr, 
wbich in fitted with a iiistou of 15 in. 
dinmctcr, having a nxl of cast iron 
7 in. aqnare, braurhiiig off to a fork, 
in which is a pulley of about 3 ft. 
in diameter, of sulEcirat brendth for 
the rope to pAsa over; and with 
flanges to keitp it in tta place. Aa 
the boriDg-hrnd and piKton will 
both fall by their own weight when 
the Btcam is uhut off and the ez- 
hauKt-valve opened, the Ktcam is 
admittul only at tlie bottom of the 
cylinder : the eiliauBt-port in a few 
inehet higher thnii the steam-port, 
ao that there ia alwnya an elfutio 
cnahion of Htaim of that thieknew 
for tiic piutoD to fall ujion. 

llie valves are opened and vhut 
by a aelf-aeting motion i1crive<l from 
the action of the piston itself: and 
aa it ia of eourge necetisary that 
motion should be given to it lieforo 
Bneli a result can ensnc, a iroall jet 
of steam is allowed to bo eon- 
Btantly blowing into the bottom of 
tlie cylinder : this caunea the piston 
to move slowly nt first, so as to take 
up the rope, and allow it to receive 
the weight of the boring-md by 
degrees, and without a jerk. An 
arm which ia attached to the piston- 
rod then comes in contact with a 
dam, which opona the steam-valve, 
and the pistAn moves quickly to 
(he top of the stroke. Another 
clam, worked by the same arm, then 
Bbuts off tbe stenm, and the ex- 
haust-valve is opened by a corre- 
sponding armngement on the other 
aide of the piston-rod. By moving 
the elams, the length of the stroke 
can be varied at tlie will of the 
operator, according to the materuil 
to bo l>orcd through. The fall of 
the boring-hcnd and piston can abio 
be regulated by a weighted vnlvc on 
the exhaust-pipe, bo as to descend 
bIowIv or quickly, as may be rc- 

The general arrangement of the 
new machine may bo described 
aa follows : — The winding-drum Ih 
10 ft. In diameter, and is ea|>al>Ie 
of holding 3000 ft. of Hat wire rojic, 
4} in. broad and ) in. thick; from 
the drum tho rope jnsses under a 
guide-piillcy, through a clam, and 
over the pulley which is supporleil 
on tho fork end of the piston-rod, 
and so to the end which reeeives the 
boring-head, which being hooked 
on and lowercl to the bottom, tho 
rope I* gripped by the clam. A 
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small jet of steam is then turned on, cansing the piston to rise slowly until the arm moves the clam, 
and gives the full charge of steam : an accelerated motion is then given to the piston, raising the 
boring-head the required height, when the steam is shut offj and the exhaust-valve opened in the 
way described, thus effecting one stroke of the boring-head as regulated by a back-pressure valve 
m the exhaust-pipe. The exhaust-port is 6 in. from the bottom of the cylinder ; when the piston 
descends to this point it rests on a cushion of steam, which prevents any concussion. To increase 
the lift of the boring-head, or compensate for the elasticity of the rope, which is found to be 1 in. 
in 100 ft., it is simply necessary to raise the clams on the clam-shaft whilst the percussive motion 
is in operation. The clam which grips the rope is fixed to a slide and screw, by which means the 
rope can be given out as required. When this operation is completed, and the strata cut up by a 
succession of strokes thus effected, the steam is shut off fh>m the percussive cylinder, the rope 
undamped, the winding engine put in motion, and the boring-head brought up and slung from an 
overhead suspension-bar by a hook fitted with a roller to traverse the bar. The shell-pump, 
Fig. 1141, is then lowered, and the debris pumped into it, by lowering and raising the bucket about 
three times, which the reversing motion of the winding engine readily admits of; it is then 
brought to surface and emptied by the following very simple arrangement. At a point in the 
suspension-bar a hook is fixed perpendicularly over a small table in the waste tank, which table 
is raised and lowered by a screw. The pump being suspended from the hook hangs directly over 
the table, which is then raised by the screw till it receives the weight of the pump. A cotter, 
which keeps the clack in its place, is then knocked out, and the table screwed down. The bottom 
clack and the frame descending with it, tlie contents of the pump are washed out by the rush of 
water contained in the pump-cylinder. Tlie table is again raised by the screw, and the 6lack 
resimies its proper position ; tlie cotter is then driven into the siot^ and the pump is again ready to 
be lowered into the hole as before. It is generally neeossary for the pump to descend three times, 
in order to remove all the debris broken up by the boring-head at one operation. 

The following facts obtained from the use of the machine in boring in the new red sandstone at 
Manchester, will show its actual performance, and enable us to compare it with the other systems. 
The boring-head is lowered at the rate of 500 ft. a minute ; the percussive motion is performed at 
the rate of 24 blows a minute, and being coutinucHl for ten minutes, the cutters in tliat time 
penetrate from 5 to 6 in. ; it is tlien wound up at 300 ft. a minute. The shell-pump is then 
lowered at the rate of 500 ft. a minute, the pumping continued for one minute and a half, and 
being charged, the pump is wound up at 300 ft. a minute. It is then emptied and the operation 
repeated, which can be accomplished three times in ten minutes, at a depth of 200 ft. The whole 
of one operation, resulting in the deepening of the hole 5 to G in., and cleansing it of debris ready 
for the cutters or boring-head being again introduced, is seen to occupy an interval of 20 minutes 
only. 

Blastiruj. — Gunpowder is the most valuable agent for excavation; it is, however, of more 
service in the work of extraction than in that of preparation, because in removing the minerals 
those regular forms of the walls are not required which distinguish the shaft and the drift from 
the gallery. Blasting-powder is employed in different quantities and in various forms, according 
to circumstances. In slaty open rock, in rotten brittle shale, and in loose gravel, it is of no use ; 
but in hard rock, in sandstone, limestone, and similar substances, blasting is extremelv serviceable, 
and often reduces the prices of working hard rock to that of soft material. Gunpowder is of most 
service wliere the vein has a seam of soft mineral, or a succession of cavities on one side, so tliat 
a blast applied at the opposite termination of the vein may remove the whole thickness of it. If 
the soft matter or the cavities are in the middle of the vein, it requires always two blasts, and of 
course the drilling of two holes, as well as two charges of gunpowder, to remove the vein. The 
amount of gunpowder used is often calculated to be proportionate to the amount of rock removed, 
but this is not so in practice ; where the amount of matter removed is limited, the consumption of 
powder increases more rapidly tlian the quantity of rock removed. In mines which have a large 
quantity of shattered rocks, the application of powder is limited by the consideration that injury 
may be caused to other parts of the mine. The removal of tliick veins, or masses, of heavy rock, 
also veins of pyrites, is often conducted with considerable difliculty, because heavy blasts cannot 
conveniently be applied. In all such cases it is, however, the cheapest way of working masses ; 
and if holes for blasting cannot well be drilled, they can be formea by acids. Pyrites may be 
penetrated by nitric or muriatic acid ; also native metals, such as copper, limestone, and magnetic 
iron ore, may be dissolved by any acid — the muriatic is, however, the most generally used. In 
this case we cannot sink any other form of hole than a vertical one. The manipulation is easily 
performed by setting a glass tube vertically upon the rock, and providing its top with a funnel 
and apparatus, so as to let in the acid drop by drop. If the pipe is close fitting to the rock, and 
the acid poured in very slowly, the hole will not be much larger than the glass-pipe. The tube 
must descend with the bottom of the hole, and be always close to it. This operation works very 
slowly ; but in pyrites, or compact magnetic iron ore which cannot be penetrated by steel tools, it 
is a useful method of preparing a hole for blasting. When heavy masses are to be detached by 
one charge, the hole may be made wider in the bottom by letting down the acid more rapidly, 
which will spread over a larger surface and dissolve a greater width. See Gunpowder. 

We will now give one example of firing charges of gunpowder by means of a fuze, and another 
by a voltaic batt^. 

Demolition of a Fort at Furruckfibad, in January, 1858 : by P, H. ScratcMey, 7?.^.— The fort ordered 
to be destroyed was a front built of good sound brick masonry, consisting of two solid towers, the 
left one being 54 ft. in height and the other 36 ft. high, and both being 54 ft. in diameter, con- 
nected by a revetted curtain 130 ft. long and 34 ft. in height ; two portions of revetment, 30 ft. in 
length, running at right angles to the curtain, from the towers on each side, and of nearly the 
same height as the curtain ; and also a wall 160 ft. long, 11 ft. high, and 2 ft. thick, forming part 
of an enclosed court-yard. L is put = the length of the lino of least resistance in feet. 

2 M 



BORING AND BLASTIHQ. 

The projert for the denuliticm of the front ma na followt:— Two charge*, wltli IIbm of lad 
istanre IB ft. Iohr, to be placMl in eacli of the ttiwen, 3 ft. 1u lulvMioe (^ their oeotrM, and at 
>-lmeJ interrnlH, Figs, 1143 to 1148. Two charged, with L = 12 ft^ to be placed in each km 




required ti morp, aa nhown ii 

In tlie towers, gallenoa with returns wi^re to be ilrivcn at ncarl; equal lareli, which the 
nature of the ground favoured. Tbr mines in thu revetment were to be formod hf rinkinft & ihatU, 
each IS ft. deep, with galJerini runnin'; nut ri|;ht niitl left fmin tiieni to the requiiite diatancea 

TLc rhargeu were rulrulatitl aeoonlini; to ttio formula for strong nuuoniy revetmenta witboot 
ftmnti'rforta. placed at two-tined intcrvnU, or fy L'. As nntive [>owilcr was to be uaed, there *■■ 
allowed i of -^ U, or -^3. L', in odilition to llio pnijiet chnrgea of Engli^ powder, maUng the 
formnla A L*+ .,«,, I.' _ ^t„ 1,». 

Scratchlc; wa* hIh) directed to prepare the towera at the entrance gateway for demolitint, and 
he carried out the tolluwiiit; plan. Thene towcn were 28 ft. in diameteT, and from 22 ft. to !9 ft. 
high on tlic oatnide ; tlicy were built of softer niaxoury than Ibc othere, and were nlid only to a 
height of 15 ft. from tbc bottom. A eiljaft wan to lie mink in tlic centre of each tower, at the lerel 
of the groaod iniiidn (15 ft. from the Imltom), 12 ft. deep; and amall galleriei were lo be drirel 
right BAd left, 5 and 6 ft. long reKricctivcly. The cliargOH were calculated, aa above, hj the 
formula AV lA and were to be placed no that tlicir linen of lenrt tosiatance were reapectirelj 8 and 
a ft. long. 

The (bllowing journal gives the jmrtievilars of the work executed. 

A detail of officers and uiun of the Engineer Brigulo left tlie camp at Futtelighnr at 3 pjf., 
5th January, 1858: — 




Lient. ScratoUej, E.& 
„ Wynne, R.K. 
„ Keith, R.E. 
„ LMg, B.E. 
„ Forbea, B.E. 



Thin detail was divided into 3 reliefs, namely :— 

Ist relief— 20 renk and file, Kuroppan. 

12 ., Native. 

2nd relief— 1!) .. European. 

12 ., Native. 

;inl relief— 1« „ European. 
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The 1st relief commenced work at 8 p.m. on the evening of January 5th. 

January 5th, Ist Relief, 8 till 12 P.M., Wynne.— 4 galleries, marked B, C, G, H, Fig. 1143, were 
commenced in the towers, at the respective levels of 26 ft. 6 in., 27 ft. 6 in., 29 ft. 6 in., and 
29 ft. 6 in., below the terreplein of the fort, and driven towards the centre of each tower. 4 shaftsi^ 
A, D, E, F, were also commenced at a distance of 10 ft. from the curtain wall. 

January 6M, 2nd Relief, 12 till 4 A.M., Keith.— Shafts A, D, £, F, were completed to the depth 
of 15 ft. each, and were made 4 ft. by 3 ft. Galleries running pandlel to the wall were commenced 
right and left of each shaft. Soil very easy, being made earth. Galleries B, G, G, progressed 
slowly through very tough pucka masonry. That at H was softer. 

3r<f Relief, 4 till 8 A.M., Lang. — The 8 galleries of A, D, E, F, progressed rapidly through 
made earth. The galleries B, 0, G, advanced through tough masonry, and H through soft 
masonry. The tools were in bad order and were not adapted to mining. 

UtJielief, 8 till 12 A.M., Forbes. — ^The 8 galleries progressed rapidly. The gallery H was out 
through pucka masonry, 7 ft., and reached rubble. The progress at B, C. G, was slower. 

2nd Relief, 12 till 4 p.m., Wynne. — The 8 galleries were nearly finishea : — 

Ft In. 

That at B had advanced 9 through pucka masonry. 

„ C „ 8 6 „ 

» C^ „ 3 „ 

„ H „ 12 through made earth. 

3rd Relief, 4 to 8 P.M., Keith.— The galleries of A, D, E, F, were finished' to the following 
lengths: — 

Ft In. I Ft In. 



Ac (Fig. 1143) .. 12 
A 6 „ .. 13 6 

D6i „ .. 14 



E </ (Fig. 1143) .. 12 6 
Ec „ .. 12 6 

Fc „ .. 12 6 



Be „ .. 12 6 I F61 „ .. 20 



Hardly any progress was made at G. 

Ut Relief, 8 till 12 pjf., Lang. — Another shaft I, Fig. 1143, was commenced at a distance of 
10 ft. from the wall. A party was also employed in lodging charges in the wall to be destroyed, 
described in accompanying memorandum. 

January 7th^ 2nd Relief, 12 P.M. till 4 A.M., Forbes.^ 

B eallery was 24 ft. long. 

„ 24 „ 

H „ 17 ft. 10 in., and return commenced. 

G had not extended through pucka masonry. 

Srd Relief, 4 till B am., Wynne. — Shaft I was completed to a depth of 15 ft., and 2 galleries 
were commenced from it, running right and left parallel to the wall. 

Ist Relief, Keith. — The galleries of shaft I were completed to the required lengths, namely, 6^, 
14 ft., and c, 12 ft. Gham&rs were formed in all the shaft-galleriea. 

B gallery was completed, with a return 5 ft. 8 in. long. 
C „ „ „ 7 ft. long. 

At G the work was continued by blasting. 

H gallery was completed, with a return 6 ft. long. 

2nd Relief, 12 till 4 p.m., Lang. — The chambers in all the galleries except G were completed. 
G was 8 ft. 5 in. long, pucka masonry 7 ft. thick having been cut through. More experiments 
were made on the wall of the oourt-yaid. 

3rd Relief, 4 till 8 p.m., Forbes. — More charges were tried on the wall, and a party was em- 
ployed destroying it by hand. 

1«^ Relief, 8 till 12 p.m., Wynne. — Shafts A and B were sunk 12 ft. deep in the entrance towers. 

January Sth, 2nd Relief, 12 till 4 A.M., Keith. — Galleries were driven from shafts A and B, right 
and left, 7 ft. and 9 ft. long respectively. 

3rd Relief, 4 till 8 A.M., Lang. — ^A party of men was employed in demolishing the wall. 
Chambers were prepared and bamboos laid (as in all the other mines) for the entrance-tower 
mines. The whole of the mines were now ready for loading, but the powder had not yet arrived. 

9M January. — At 3 P.M. this afternoon the party of Engineers, after carefully closing all the 
openings of the shafts and galleries, was marched back to Futtehghur camp. 

Remarks. — The whole of the work had thus been carried on without interruption, the soil being 
very easily worked, and being evidently all made earth. No sheeting had been required, ex- 
cepting in the left gallery at the right entrance tower, where the earth fell in. The whole of the 
mines were ready for charging in forty-eight hours, with the exception of that in gallery G, where the 
pucka masonry gave great trouble. The dimensions of all the galleries were 3 ft. 6 in. by 2 ft. 6 in. 

\3th January. — A detail of the Engineer Brigade left camp at 5.30 a.m. to load the mines at 
the Fort, namely, 2 ofiScers, 2 sergeants, and 82 rank and file ; and 1 officer, and 24 native sappers. 
12 of the sappers were, however, afterwards withdrawn to be employed elsewhere. 

The charges were placed as follows : — 

In B gallery at a* .. .. 1050 lbs. of Native powder. 
P / 800 „ English „ 

^ " ** •• •• \ 99 „ Native 

G „ a .... 874 „ English „ 

H „ a» .. .. 1050 „ Native „ 

2 M 2 



582 BORING AND BLABTINO. 



I 



A shaft at ^ I 






E 
F 
I 



»» 



»» 



11 



11 






180 IbB. ( 


of Native powder. 


810 „ 


w ♦« 


810 „ 


91 W 


180 „ 


*♦ W 


180 „ 


11 11 


180 „ 


»» Tf 


180 „ 


»• Tf 


258 „ 


English „ 


258 „ 


n 11 


180 „ 


Native „ 



Approximation. — For Englinh powder and length of 16 ft. of least resistance, we have 16 cubed 
= 4096, and -A, of 4096 = 614 lbs. of gunpowder, which may be put = 620, the half of which is 
310 lbs. 

The charges were placed in boxes where practicable, the hose was laid in bamboos, and the 
whole was carefully tamped. 

The galleries took niont time in loading and tamping, and were not ready till 7 P.v^ wbikt 
the shafts were finished by 4 p.m. 

The firing was put off till the next morning, when the hoses of all the shafts were brought to 
one focus K. There was one focus for each tower, the length of ha^e for each being 5 ft. leas thui 
that for the upper focus, to allow, if possible, a few seconds elapsing between the two explosioiia. 
The hose was lighted at the three foci at the same time, at the sound of the buglo, and the explo- 
sions were very nearly simultaneouH, with the exception of that of one mine, marked X, Fig. 1143, 
which did not take place till 80 seconds after the others. 

The demolition was complete, and the object desired was attained, which was to leave a pretty 
practicable ramp from the outside into tlie interior. 

There is no doubt that if more time had been allowed, or more men had been pmcurable, the 
demolition might have been effected by the expenditure of one-half of the quantity of powder 
used ; but it must be ))ome in mind that Scratchloy*s instructions were to have everything ready 
in forty-eijfht hours^ and native powder was to be had in abundance. 

The mines at the entrance gateway were not loaded, but remained ready to be charg^ed at some 
future time. 

Stntenwnt of the Expenditure of Potrder^ //ow, ^c. 

2 charges of 1050 lbs. each, total 2100 lbs.. Native powder. 

1 „ { 800 } " " ^^'^^ ^^'^ ^«^^ " 

1 „ 99 ,, „ 99 lbs., Native „ 
6 „ 180 „ „ 1080 lbs., „ „ 

2 „* 310 „ „ 620 lbs., „ „ 
2 ,. 258 „ „ 516 lbs., English „ 

Total, 2190 lbs. of English lewder. 
„ 3899 lbs. of Native „ 
„ 848 feet of ^-inch hose. 
„ 2 port-fires. 

Taking the line of least resistance = 18 ft., then 18 cubed = 5832, and ^ of 5832 = 1050 Ihs. 
of powder nearly. The other charges were calculated in a similar manner. 

Memorandum. — Partial Desiruitiun of a Wall by means of Small Charges. — This wall was lift. 
high, 2 ft. thick, and about 160 ft. long. There were two piers, 6 ft. square, one on each side of an 
entrance at the centre of tlie wall ; these were built much better than the remainder of the walL 
which had been constructed with bricks and a little mud, mortar being found only in the foun- 
dation. 

Ten charges, of 5 lbs. each, were placed along the wall, at intervals of 10 ft., and were lodged 
as nearly as i)os8ible 2 ft. below tlic surface of the ground, and under the centre line of the wall. 
One charge of 10 lbs. was placed in each pier, 2 ft 6 in. below the level of the ground, and ond^ 
its centre. 

The piers were completely thrown down, without violence: all the other charges, with the 
exception of three, failed ; some blowing out the tamping and making a small breach in the wall, 
others throwing out the foundation and earth on the other side, but failing to bring down the 
wall, or any part of it. Four more charges, of 5 lbs. each, were placed equidistant between the 
former, which completely destroyed the part where they were lodged. 

The remainder of the wall was picked and thrown down by about twelve men in a very short 
time, and other portions of the walls around were thrown down in the same manner. 

The powder made use of was native, and undoubtedly of inferior strength to that of European 
manufacture. 

Blasting was not tried, as the nature of the wall did not admit of it. Had Scratchley known 
that it was so very rotten, he would have had the whole of it picked down. — *• Papen of tkt Corp$ 
of Royal Engineers* vol. viii. 

Bickford's fuze is generally employed in blasting operations. See Fuze-makino Magbihb. 

Blasting with Large Charges of Gunpowder at Ildyhead^ 1860: by Col. Bamilton, R,E. — ^The ananies, 
opened and worked for the harbour-works, were situated on the declivity of the Holyhead Moun- 
tain, at about 1500 yds. distance from and in rear of the land end of the breakwater ; the portioa 
thereof, 120 ft. by 40 ft., and 90 ft. in height, on this occasion operated on, was formed of quartsose 
■chisl extremely hard, and weighing about 1} cwt. to the cubic foot, stratified in lines extending 
from N.E. to S.W., a little overhanging to S.E., but nearly vertical, with numerous joints in that 
and other directions throughout the whole mass. 
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An entnnoe gallery, Figi. 1149, 1190, 9R. 6 in. by 3 (1.6 in., vaB ilriTeu from thefiMeoTtha 
Tock, oammebcing at * height of 12 ft. above its base, with a viev to gain an efficient line of tamp- 
ing resistaace, a favnurable joint in the line of strata having been taken ndvBntag:e of to the extent 
of 34 ft., where a shaft, 3 ft. 6 in. hj 3 ft. 6 in., was sunk to ihe depth of 11 ft. 6 in. ; from thii, 
level galleries. 5 ft. 6 in. by 3 ft. 6 in., were driven right and left, the former to the extent of 
49 ft. y in., and the latter 56 ft. 6 in., with a length of 4S ft. 6 in. of hendings and chambers of 
si milar dimensions, as illnstni ted IntlieacaanpiinTingptanand plovatiou. The galleriea, abafta, and 
■o on, were worked out by bhuting, necessitated by the hard nature of the rock ; and the inereMcd 
size given to these communications above that generally adopted was with a view to enable the 
mineiH to strike with more freedom and effect, the extra excavation beins more than compensated 
by the facility of working. The chambers were formed by slightly enlarging the short return- 
headings, and were placed from 2 to 8 ft. below the level of the ground or rail lino in front of 
the qoarries, to ensure the bottomH of the face acted upon being well lifted, as want of attention 
to this particular before a fannor explosion led to oonsiderable subseqaent labour in removing a 
portion of stone left standing. 




of 45^,'to"the'''dlBtBacoof VsOft,; the chaises were p^ced in canvas bags well coated with tar, 
2000 or 3000 lbs. in one bag, and the romainder in smaller bags, and so respectively lodged ia 

The tamping was executed throughout with a sort of stiff red clay obtained in the vicinity, 
luod in a slightly moist state, well lammed np to the enlrancos of the chambers, and close to 
the bag* of gunpowder, meruy leaving a anutll air space romid the latter, and waa continued 
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to the month of the gallery in the face of the rock : it apparently answered its intended purpose 
admirably. 

The battery employed to fire the charges was that known as Groye's. It had 32 cells, and 
platinum plates, 8 in. by 6 in., in nitric acid, in porous cells surrounded by diluted (6 to 1) sul- 
phuric acid ; it was placed on the top of the clifif, and directly in rear of the line of chambers, 
300 ft. distant from the upper edge of the former ; two copper wires connected the battery with 
each charge, extending from the latter through the galleries directly up the face of the cliff and 
on to the cells, where the four positiye were united, as well as the four negative. To the extremi- 
ties of the copper wires at the charges were attached platinum wire about ^ in. in length, protected 
by a wooden block, round which block a small bag of fine or sporting powder was tied and intro- 
duced into the large bags of powder before mentioned. 

The total quantity of powder used in the explosion was 12,000 lbs., placed in four charges, 
amounting respectively to 4000, 3000, 2300, and 2700 lbs., with lines of least resistance 29 ft^ 
82 ft., 22 ft., and 24 ft. 6 in., as shown in Figs. 1149, 1150 ; these respective charges were not cal- 
culated by any specific formula founded on the lengths of the lines of least resistance, but a 
certain number of pounds of gunpowder a ton of rock to be removed was allowed, according ,to 
the particular features and tenacity of the portion to be acted on (in the present instance 1 lb. of 
gunpowder to 3 tons of rock); this calculation was based upon the experience gained from 
numerous previous explosions of a similar character carried out at different parts of the quarries. 
In some cases, 1 lb. of gunpowder was found suflicient to remove only 2 tons, in other cases it 
lias proved adequate to displace 4 tons of stone. 

Shortly after the hour appointed (twelve o'clock), the mines were fired on a signal with most 
successful results ; the rock a little above its base was seen to bulge slightly outwards, and then 
tumble to pieces, emitting much smoke, and the superincumbent mass gently sliding down^ 
separated into various sized blocks ; a perfect volley of small stuff, mostly the tamping, shot 
horizontally along, close to the ground, directly in front of the face of rock, to a distimoe of 
about 250 ft., covering the surface with a coating of fine damp clay, separated into small particles 
like sand ; no stones of any magnitude were thrown out beyond the general c2^6m, which was om- 
fined to a width of 125 ft. from the original face of the quarry. 

The total quantity of rock removed was about 40,000 tons, which g^ves 3^ tons to the pound of 
gunpowder used. The report on the effect of a similar explosion in January, 1857, shows that 7^ 
tons the pound of gunpowder were then brought down, or nearly double the quantity removed by 
each pound on this occasion ; and on reference to the accompanying plan it will be observed that 
if, instead of the charge of 4000 lbs., a smaller one had been employed, the effect would probably 
still have extended as far as the joint at that end, and also that a slight addition to the charge of 
2700 lbs. at the other end would have caused the fall of all the portion as Cm* as the recess, which 
is described as much shaken. It may also be remarked that the cliff brought down in January, 
1857, was 25 ft. higher than that here described ; also that the strata of the fbrmer were hori- 
zontal, whilst those of the latter were vertical ; and, on the other hand, that the blocks forming 
the dt^bris of the latter were smaller, and more suitable for building, than those of the former ; it 
is evidently, therefore, dilficult to fix any rules for determining the quantity of powder required, 
especially where hidden joints exist which limit its effects. 

The miners were but little impeded by wet or damp ; the gallery was driven with a sligbt 
inclination upwards to allow any Mater met with to find its way out. Whenever damp holes had 
to be fired, pitched bags or cases, capable of holding 3 to 5 oz. charges, were used ; the smoke from 
the firing of the blastn and foul air were removed by a rotatory blower worked by a boy at the 
mouth of the heading, and a canvas pipe conveyed the fresh air to the chambers. 

The powder was brought to the mouth of the gallery in casks (containing from 50 to 100 lbs.), 
and there emptied into canvas bags capable of holding 50 lbs. ; these bags were then passed from 
liand to hand by men placed at intervals in the galleries, to the respective chambers, where they 
were discharged int/) larger bags previously lodged there, to the extent required, after which some 
old powder-cask sackings were thrown round and over them. 

The clay for tamping was brought to the mouth of the main gallery in wagons, and wheeled 
through it on planks to the shaft, where it was thrown down, and conveyed from the bottom 
thereof in a similar manner to the headings. This method was found to require less time and 
labour than any other known to the engineer. The whole of the tamping was performed in 42 
hours by 25 labourers. 

The copper wires leading from each charge were, throughout their course in the tamping, 
lapped round with calico and tar-l^ands, great care having been taken when tamping about them. 
This method was preferred to that of using wooden casings, and gave much freedom and ease in 
turnings at the angles and l)ends in the headings. 

(jrovf^s Batten^. — 32 porous cells ; 32 zinc plates ; 32 platinum plates ; 32 gutta-percha troughs ; 
mahogany case for box, quicksilver, and poles ; 2^ gallons nitric acid to fill the cells ; ^ gidlon 
Kulphuric acid. 

Wires,— S cx>pper wires from the battery to the charges, including calico lapping and tar- 
bands :— 8 X 500 ft. = 4()(i0 ft., and 800 ft. of wire weighing 28 lbs., 4000 ft. = 140 lbs. 

The time ocx^upied in driving the galleries, shafts, and so on, was about 9 months, the rate of 
progress averaging 1 foot the day of 24 hours, and 8 miners working. Powder used in blasting 
^3 lbs. a foot), 210 X 3 ^ G30 ; 1 in. of fuze a foot = 210 ft. ; 6 lbs. of candles a week, 36 x 6 = 
216 ; 30 bags or tarred cases. 

Thus it would appear that 40,000 tons of stone were procured at an expense of 669/. 10s. Bcf., or 
about ^(l. per ton. 

At a point 150 yards in front of the cliff, the report was not loud, it resembled the sound of 
very distant thunder. 

AppiiccUim of the Galvanic Battery to Military Purposes. Taken from II, Ward's paper, ^ProfeS" 
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sional Papers, R.E.^ 1855. — The inquiry, whether the explosion of charges of powder by voltaic 
agency could be made generally applicable to engineering purposes in the field, seems naturally 
to divide itself into the following heads : — ^An inquiry 

Ist. Into the motive power. 

2nd. Into the conducting medium, or the means by which that power could be conveyed to a 
distance. 

3rd. The construction of bursting charges to produce the desired explosion. 

4th. How the power obtainable could be best applied to the explosion of a number of mines 
simultaneously. 

Motive Power. — The inquiry into the motive power arranges itself under the following sub- 
divisions : — 

1st. The determination of the principle by which voltaic action could, on the whole, be most 
effectually produced ; that is, the determination of that combination of metals and acids which, 
while it comprises such as are generally procurable at a moderate expense and are safe to handle, 
would exhibit the greatest power. 

2nd. The most economical arrangement of these, as to size and numbers ; so that the power 
required should be produced out of the smallest bulk, and at the least cost. 

3rd. The general simplification of the arrangement of cells and plates, so as to admit of their 
easy repair or replacement ; the'arrangement to combine portability and facility in charging and 
dismantling ; the whole to admit of being readily packed and put together ; to be durable, having 
as few parts as possible liable to deterioration by keep or use, and those such as to admit of many 
spare ones being carried with the apparatus, and easily procurable anywhere. 

4th. To reduce the manipulation to a mere mechanical process, requiring in the application no 
chemical or scientific knowledge to work it effectually. 

Conducting Medium. — The inquiry respecting the conducting medium naturally embraces the 
best metal for the purpose and the most desirable thickness under every circumstance ; a ready 
mode of ascertaining the conducting power of any description that might be procured on the spot 
in an emergency; the degn^ee of isolation required to preserve the strength of the circulatmg 
current, the best covering to effect this perfectiv, and the cost of the most approved. 

Bursting Charges. — The most approved bursting charge to be ascertained ; whether that formerly 
made with a thin platinum or iron wire, or that discovered by Brunton, where an inflammable 
compound ia obtained seemingly by a combination of copper, sulphur, carbon, and gutta-percha. 

In the former, the best length and thickness of platinum or iron wire, and the most desirable 
construction for bursting cluLrges under such circumstances; in the latter, the most approved 
compound, and the readiest method of making it. 

Simultaneoxis Firing. — How far the power obtainable by voltaic agency can be applied to the 
explosion of a numb^ of charges simultaneously by each description of bursting charge, and the 
best arrangements for this purpose; the rules deduced from scientific inquiry that should be 
the guide in considering such arrangements, and how far they must be modified in practice. 

As the whole of the investigation is based on tlie theory of voltaic circuits, propounded by 
Professor Ohm, of Nuremberg, of wHich a translation is to be found in Taylor's * Scientific 
Memoirs,' June, 1840, we cannot expect to be generally intelligible, unless we preface the experi- 
mental results with a notice of the principles established by him, and the conclusions deducible 
therefrom. 

In considering a voltaic arrangement of one pair, say zinc, platinum, and dilute sulphuric 
acid with the circuit closed. Ohm h^A shown that tne force of the current in circulation is directly 
as the sum of the electro-motive forces, and inversely as the sum of the resistance to its circulation. 

By the sum of the electro-motive forces is meant the excess of affinity of the zinc for one of the 
elements of the solution, as, for example, the oxygen of the water in the above case, over all other 
counteracting agencies : this force therefore being entirely independent of the size of the plate, and 
subject solely to the nature of the metals and liquids in voltaic combination. 

Bj the term excess of affinity it is understood that if zinc is put in sulphuric acid and water, 
the zinc decomposing the latter, the cause of the decomposition must be that the affinity of the 
zinc for oxygen is in excess of that of the hydrogen for the oxygen, with which it is in the first 
place combined. It is this excess that in this particular case is called the sum. In many combi- 
nations of metals and liquids, as in a Daniell or Grove, this excess is the result of more com- 
plicated forces, but in all cases the sum of the electro-motive forces is intended to express this 
excess. 

By resistance is intended the obstacle opposed to the passage of the electric current by the sub- 
stances through which it has to pass. It is the inverse of what is termed conducting power. We 
are in the habit of talking of conducting instead of resisting power, but it will be acknowledged 
an equally accurate conception, to view all conducting media in the light of resistances opposed to 
the passage of electricity, as to consider them conductors aiding its circulation. No substances 
in nature are perfect conductors, consequently some electric excitement is lost in each step of the 
transmission from particle to particle ; and it seems as rational therefore to ascribe the loss expe- 
rienced to a resisting agencv, as to attribute the quantity obtained to a favouring one. 

Let F then represent the force of the current in circulation, which it must be remembered, 
from what has been before stated in the first part of this paper, is equal in all parts of the circuit. 
Let E = the sum of the electro-motive forces, and R = the sum of the resistances. Then 

F = 4. [1] 

The resistance K in an ordinary voltaic pair is made up of two principal and some inconsider- 
able portions. The former include the resistance of the wire completing the circuit, and that of 
the liquid intervening between the plates. 
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The resutance of the oanducttnfi; wire which we call tr, varies directly oa its length (0» vA ita 
Bpeoiflc zosistanee (s) ; and inYenely ajs the area of its noction (u). Or, 

«. = -. [2] 

TIio resistance of the interveninj; liquid, wliich we will call L, Taries directly aa its spediie 
resiHtancc (S), and the thickness of the stratum (T) ; and inversely as the mufaoe of the pule ia 
contact with it (A). Or, 

By spociiic resistance is meant the resistance due to the nature of the liquid employed, and the 
term is us<kI in the same sense as we speak of specific gravity. 

In fact, Olim assumes that every atom, whether of liquid or wire, ia capable of reoeiviBK 
excitement from the one bi'forc it in the circuit, and partinp^ with it to the next in auooeaaioD : that 
a loss occurti in the transmission de]>ending on the diiTcrences of the electric forcea exiating in the 
two adjacent nt«^^)niH ; just as in the theory of heat the transmission of caloric between two particlfls 
is regarded as prdixirtional to the diU'crcnco of their temperatures. From this the lawa in aqua- 
tiouH [2] and [H] si^em obviously deiluriblo. 

There are otJicr resihtancoH in an ordiiior}' voltaic circuit, namely, tliat of the platea themaelvet, 
and of the metallic connections iM'twtH'n eooli iniir, when a number are combined in aeries; but 
the great soctinnal area and Hhort l(*n><:th of them make their absolute resistance, when compaied 
with the Tv»i of the circuit, inHigiiillciint. They do not require a separate consideration. 

The resistance li then cunsibts of L and vr, or 

Now, instead of com])leting the circuit by a wire, let the jiiutes of a pair bo oounocted by a 
medium whose resistance is insignificant, and ei^uatiou [4] becomes 

F = -[-, [5] 

representing the free circulation in a voltaic pair, wlien tr = o. 

If n such pairs are arrange<l in sericH, the firHt zinc and the last platinum being bmnfffaf in 
contact by a subtstunce whose rosistancc is iut«igniiicant, we shall then have n clectro-motiTe nmei^ 
but also n resistances ; so the value of F will remain unchanged, for 

but there can now be mldcd n times as much resirttaiice of wire as could be borne in equation [4^ 
without diminishing the value of the force F below that which it represented there, for 

Ij 4- Tc n h + nw ' 

Wlien the galvanic circuit is dividc<l and circulotes at the same time through two or nioro 
branches, the force of the current through each will }>e in the invc'rue ratio of its resistance: thus, 
if r and r' lie the resiHtances of the two {tortious or branches of a conducting me«lium through 

which the current passes, ' — and — ^ will be the proportional force of the current in each, and 

r r 

r + r' rr^ 

their sum j— will l)e tliat of the current passing through both ; therefore , will represent 

the resistance of a mcdiimi that could be substituted for both, and not diminish the amount of 
circulating force. 

It is very important to liear in mind the law relative to divided currents, as it ^mrticulariy 
concerns arrangements for simultaneous firing. We are too ready to assume that electncity selects 
for itself tlie readiest path, utterly rejecting inferior means of conduction ; but with rcspec^t to the 
circulatic»n of voltaic currents, this idea is decidedly erroneous, and the converse is capaole of easy 
practical demonstration. 

These are the ix)ints of OIim*s theory that most immediately ooncem us ; let us now aee what 
conclusions are deducible from it. 

E 

Referring to equation [1], F = -^ , it is evident that in a voltaic arrangement, the nature of 

whose metals and liquids has 1>een decided on, the force F is entirely dependent on the magnitude 
of K, or the resistance offered to the circuhition of the current ; as when K decreases, F increases, 
and when R = o, F = oo , whicii imidies that whatever arrangement of plates and acids may be 
made, if tlie resistance can be reduced to o, the power obtainable is infinite. That this is true may 
be explained in this way. It will be remeniljered that it was shown (see Battery) to be essential 
to the flow of a continuous current, in an arrangement, for example, of zinc, copper, and dilute 
sulphuric acid, that the zinc should be oxidized, the sulphuric acid should combine with the oxide 
to form a sulphate, and the salt should be removed by dissolution in water, leaving idl things 
in statu quo for a new set of actions. Now, though these arc described as subsequent operations, 
where no restraint is offered, they all take place at tlie same instant. 

Now when R = o, the initial force F is de])cndent on the value of E, which represents tha 
excess of affinity of the positive metal for one of the elements of the solution over all ooantonflting 
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agencies, and is therefore limited ; but if such an anangrement were made that the limited force 
sliould be developed again and again, independent of time, the resultant power, of course, would 
be intinitc. At nr»t view it seems as if the combination of zinc, platinum, and dilute acid, above 
described, is such an arrangement; and as far as the chemical action is concerned (if we leave out 
of consideration the adherence of the hydrogen to the negative plate) it certainly is, but there is 
one great check to the development, which can be diminished, but not got rid of altogether, namely, 
the resistance of the liquid to the passage of electricity from plate to plate. As there must neces- 
sarily be some liquid to produce excitement, so must tnere be a resistance B ; let this but assume 
a value, and F becomes limited. 

The development of an unlimited force F would seem, then, to be prevented by the resistance 
ofTered to the circulation of the current. It may be considered that the zinc, for instance, on being 
continually^ attacked, and finding a difficulty in getting rid of its excitement, becomes so charged 
that it resists a further disengagement of electricity, or, which is equivalent, resists further 
destruction, that is, loses its affinity for oxygen, till it can be restored to a certain state of quies- 
cence. We have a case analogous to this in electricity produced by friction in an electrical 
mabhine, where, in order to obtain an unlimited supply of positive excitement from the glass 
cylinder, to charge I^eydcn jars, or for other purposes, it is necessary to connect the negative prime 
conductor with the ground, to carry off a portion of the high negative excitement produced in it 
by the friction ; it being well known that if this was not so connected it would become so highly 
charged as to resist further disengagement of excitement. I have here given, says Ward, this theo- 
retical view of the varying value of F, to bring before the mind the fact that the force of the current 
circulating is controlled only by the value of K, and that I conceive it to be true that, wU/unU any 
Wnitativn, SO long as K is decr^sed F will increase. 

The value of R is, as has been stated, composed of two parts, namely, the resistance of the 
exciting liijuid and of the metallic wire closing the circuit ; and how these can be diminished in a 
simple voltaic pair we shall find by referring to equations [2] and [3]. 

From etjuation [3] we can diminisli the resistance of the liquid stratum, by bringing the plates 
nearer together, by substituting an exciting solution whose specific resistance is less, or by 
increasing the size of the plates in each cell. 

From equation [2] the resistance of the conducting wire in a simple voltaic pair can be dimi- 
nished, by substituting a metal whose specific resistance is less, by shortening the length of the 
wire, or by increasing the area of its section. 

Diminishing the distance between the plates in each cell by one-half or one-third will permit 
us to diminish the size of each plate, and therefore their weUjht^ by one-half or one-third, without a 
loss of power. 

Increasing the section of the conducting wire, or, which is the same thing, increasing its 
weight per yard, will permit its length to be similarly increased, without diminishing the ^^ue 
ofF. 

£ 

In the equation F = , taken as representing the condition of a circulating force F in a 

determined combination of metal and acid, we have seen that F can only be increased by tho 
diminution of L or vr^ or both. 

We have just seen the means by which L can be diminished, and supposing that by one of 

these it has been reduced to — its value, the equation of the voltaic pair beoomeB 

t:,, E nE 

L L + nto 

\r V) 

n 

With respect to tr, every mode of diminishing its value, which has been before mentioned, is 
adopted in practice ; that is, a metal (copper) is employed, the specific resistance of which is the 
smallest known ; such a size of wire is used as can with a due regard to economy be employed, and 
no longer length than is actually required would, of course, ever be placed in tho circuit. But 
there is yet another mode of reducing the resistance. 

For instance, if it is desired to reduce to to — th its present value, it is readily done by com- 
bining n voltaic pairs in series, and applying them to circulate the current through to; the equation 
then stands^ „ ^ ^ 

F" = = • 

There are here, then, two modes of increasing the force F, and the question is, which is the greater, 
F or F", that is, BE 

or 

XJ ^ to 

n n 

Their comparative values evidently depend on the respective values of L and to; for if L is greater 
than u7, F' is greater than F" ; if equal, equal ; and if lesd, less. From this we have the following 
rule: — 

When the resistance of the liquid stratum is greater than that of the wire, it is more advanta- 
geous to increase the size of the plates of a voltaic pair than to arrange a number in series. When 
the two resistances are equal, it matters not which is done { and if the resistance of the wire is 
greater than that of the liquid^ the development of the foroe F is most economically obtained by 
placing several pairs in series. 
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This Ib a most important principle to bear in mind (as will be hereafter shown) when makii|; 
an arrangement for tne explosion of a sericM of cliarg:es : for by a simple alteration of the diqM>- 
sition of cells^ clTects can be produced which without tlie knowledge of this principle would bs 
unaccountable. 

The rule above made evident is supported by practice. In electro-plating, where the metaUie 
portion of the circuit is short and ample in size, experience has taught that it is more profitahb 
to increase the size of the pair in action. But in the explosion of charges of powder at kn; 
distances, where the metallic resititance is usually extensive, it is found more eoonomical touxangs 
plates in scries. 

The explanation usually given for the necessity of different arrangements for the two pur- 
poses is, that in electro-plating a quantity of electricity is required, while in exploding efaugei 
intensity is essential. Intensity of heat' (for this is one of the forms in whicsh electricitj cu 
be made apparent) is a property partly dependent on the quantity of heat, and partly on tte 
space it occupies. An increase of intensity can be obtained by puttlug the same quantity into Ich 
space. The same qiMuUty of caloric applied to a 12 and 24 lb. shot would produce heat of variooi 
degrees of intensity. Intensity, therefore, is directly and entirely dependent on the apaoe inlD 
which a given quantity of heat is compressed, not upon an arrangement of cells in neriea. It woidd 
be iNiually correct to say that increasing the size of a voltaic pair would increase the intensity, as to 
ascribe that power to the accumulation of cells in series. In fact, both these arrangementa ham 
that power, as we can imagine the same force F beinjr made to circidate by each mode in the wum 
combination of metals and acid — though in one case by an arrangement in series, and in the other 
by having one large voltaic pair — and through two wire circuits identical in their sise, length, 

and conductibility. In the former, assuming n cells to be placed in series, F = — = ; 

a li 4" • 

£ 

and in the latter, tr and £ being of the same value as above, F = =-7— — . And for both 

L + «• 

n — 1 
these values to be equal it is only necessary that L' should eijual L ir, which value is 

a — 1 

obtainable by a proportional increase of one ]mir of plates, as long as w is lees than L. 

E 

The same force F, then, whether caused to circulate by the conditions expressed by =-> ^ 

nE 
-^ — ; — , will exhibit the same inteuhity on similar parts of two identical wire circuits, and ths 

n Li -J- w) 

property of producing intensity is thus shown not to be confined especially to either arrangement. 

To produce any re^iuired intensity it is uccesMary to get the retjuisite quantity into the given 
space, and this can only be done by overcoming the obstacles to its transmission. There are two 
descriptions of resistance to overcome, namelv, that of the connecting wire and that of the liquid, 
and it depends on their comparative power which it is most desirable to diminish ; the former osn 
be lessened most readily by accumulating cells in series, and the latter by increasing the siie of 
tlie plates. 

It is practically true that in the explosion of charge-sat long distances the required intensity can 

only be obtained by accumulating cells in series ; but the rcasoA of this is evident, namely, tliiat in 

E 
equation F = ■=-^— — , even if the resistance L by the increase of the size of the plate bo reduced to 

Li -J- to 

an insignificant value, that of ir mav still l)e too great to admit of the required quantity circulating 
through all parts, and then plates m series are essi'ntinl to reduce the value of ir, as by that means 
only can F now be increased. 

The converse, however, is equally true, and deserves consideration. Imagine a combinatioD of 
n cells arranged to overcome a resistance \c^ and that the number is so great that the opposition of 
tc has been practically reduced to nothing, or the equation re])resenting the value F standuig thi»— 

« nE E 

J J -\ 

H 

in which — is so insignificant as to admit of its being left out of the consideration, then practically 

F = ---- . Now, if L is so great that its resistance alone will not permit of a sufficient quantity of 

L 
force circulating, then if 1000 or 10,000 cells were placed in scries, we could not sensibly increase 

E 
the value of F, for it could only approach, but never could equal y~ ! ^ obtain sufficient intensity 

in this case it would then be essential to increase the size of each plate in the series, for by that 
means only could F now be augmented. These considerations are important, for they show dearly 
tliat there is a limit in each case, beyond which we can get no appreciable increase of power : in 
the one no further increase of the size of the plates will increase tlie force, unless wo at the same 
time increase the number ; in the other we may diminish the size so much as to render a large 
number placed in series of no value. 

n F 

Returning again to equation F = — ; — ; — . It has been shown that, whatever the value of a, 

^^ n Ij + ic 

E 

F ciiunot etjual y- , that is, tJie olcctro'inotice fvrcc of one pair restrained by the r€i8iaUtnGe 9J tkc imier* 

Li 
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fkV * 

veninj liquid ; at the same time the oorobination — =- has the power of circulating the force F 

n Li 

E £ nE 

fhrooRh n times the metallic circuit which -=:- could, for F = - — ; — = — = . These two 

L L + w nL + nw 

theoretical conclusions admit of the popular explanation, that in a series of cells, with plates, say 

of zinc and copper, each copper, while receiving excitement from the zinc of its own cell, restores 

to equilibrium the zinc in the next, or that to which it is metallically connected ; that is, the first 

copp&t in the series tranquillizes the second zinc, the second copper the third zinc, and so on ; and 

then there remains only the first zinc and last copper, which require to be connected to permit 

each to return to a state of quiescence ; of course, then, any connection uniting these two, however 

■mall its resistance, cannot have so great an amount of electric fluid traversing it as that which one 

E 
Toltaic pair is able to produce, or that expressed by -=- • 

At the same time, as Ohm has shown that the quantity of electric fluid travelling by two 
paths to the same destination will proceed by each in quantities varying in the inverse ratio of 
their powers of resistance, let us imagine the quantity at the last copper plate in the series desirous 
to return to the first zinc, and that the zinc and copper is metallically connected, bearing also in 
mind that this zinc and copper are connected by anotner means, that is, by the alternation of metals 
and acid solutions, both conductors intervening between them, so that there are here two paths by 
which equilibrium can be restored ; and now if we suppose, first, the metallic resistance insuper- 
able, the whole of the electricity will return by the liquid ; if we suppose the liquid resistance to 
be insuperable, tranquillity will be restored wholly by means of the metallic road. But in reality, 
as neither resistance is actually insurmountable, the fiuid does return bv both roads in the inverse 
ratio of their resisting powers. Conceive, then, one voltaic pair with the circuit closed by a wire 
of any g^ven length. In this position a certain amount of electric force is proceeding from the 
copper to the zinc by the wire, the remainder returning by the liquid, the proportion depending on 
the resisting powers of each ; if, then, we increase the resistance of the liquid portion n times, we 
can proportionally increase that of the metallic portion without altering the absolute quantity 
proceedmg by each path. In a combination of n cells the former is done, and then we are enabled 
to do the latter. When n cells are used in series, n times the resistance is opposed to the return 
of the electric fiuid at the last plate by the liquid to the first, for it has to traverse n thicknesses of 
solution and n pairs of metallic plates, and so we can add on n times as much metallic wire 
resistance without diminishing the quantity, thereby circulating below that which would circulate 
through the original length, were but one voltaic pair to be employed. 

This passage is not perhaps quite clear, as it would imply that an increase of the liquid 
resistance, taken by itself, would allow an augmentation of the wire resistance also. At page 538 

the formula explains it, as it is shown that F = -= — ; — = — = — ; ; =— — representing the 

Lj + ip n Li •{• nw Ij + tc 

conditions of a single pair, and — = — ■ that of a series of n pairs, in which L having been 

n Li •f- nw 

increased n times, w has also been increased in the same proportion ; but the numerator or electro- 
motive force has been likewise increased n times. 

Proceeding on the principles thus developed by Ohm's theory to inquire into the power of 
every description of battery, it will, we hope, be clear from what has been said that it was in the 

E 
first place necessary to ascertain the comparative value of L and w in the equation F = ■= 

Lt -^ w 

before it could be decided whether the force F would be most economically produced; and 
secondly, the comparative value of £ to show the relative electro-motive energies of the several 
known combinations. 

Before proceeding to detail the experimental results which determined the choice of the 
Motive power or description of battery for military purposes, we may enumerate those that have 
h&m nusnitted to examination,niamelv : — 

WoOmttm** — ^Zinc and copper and dilute sulphuric acid, and its modifications of zinc and iron, 
and coppv and iron. 

Sme^a — Zinc, platiniaed silver, and dilute sulphuric acid. 

Groves — Zinc and dilute solphnric acid, platinum witli strong nitric acid. 

DanielP$ — Zinc and copper, with dilate sulphuric acid and sulphate of copper. 

Dalgleish^a — Zinc, platinum, and nitric acid. 

McCaUan*8 batteries, of which there are several varietiea. 
These several batteries can be classified under two heads — ^thcee in which an evolution of gas 
takes place on completing the circuit, and those in which, for the attainment of oonstancv, the 
gas is absorbed by a chemical process. To the former class belong Wollaston^s and its mnnHtHa- 
tions, Smee*s, and Dalgleish's ; and to the latter, DanielFs, Grove's, and McCallan's. 

llie advantages of the first class consist in the simplicity of the arrangements, the use of but 
one add, the necessity for porous cells being thus avoided ; while the second has the advan- 
tage of producing greater constancy by a chemical arrangement, though at the expense of 
■implioity. 

Wollaston's, 8mee*8, Daniell's, and Grove's batteries have been for some time before the 
scientific world!, and are well known. McCallau has organized several combinations of metals 
and acids which require notice. In one, cast iron is simply substituted as the negative metal for 
the platinum of Grove's; in other forms he uses successively platinized iron, platinized lead, 
chromed iron, chromed l«id. He also varies the exciting solutions. Now he employs concentratea 
nitric and doubly-rectified sulphuric acid in contact with the iron ; then, again, this solution is 
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mtw touetL.,.. - — — — _ , — r 

hy an uildilinti of tlie nitric Bnlnlion. vtiicli, lie Btatoi, Deed not be Batursted. He alao & 
nitrnte of sala rauld bo HulMtituted for nitrate of potaah, though with a loaa of power to bo ttfui 
bj rhc«piieijg of niHtpriftl. ^ 

Plntiiiizcil or rhroined mat iron nnswerB u well aa platinized le«d, and cast iroa vithovt Mig 
chromed appean to act an wull as plBtiniim. 

After wcitchini; well tlie relative qimlitioH of lead and cart irao, HoOitllaa prefen the IbUk 
prinpipnJly because it does not require platinizinj;. 

From thcue remarks it seems jnHt to infer that cast iron not platiniisd — that ia, plain — wikm 
the whole, better than platinized lesd, platinized iron, or chromed iron ; and if thia ia tlie cans 
the laboratory, it will be much more so in the field, for the platiniiing proceaa will, owinc to tti 
deatmctioD of the iron, require to be frequently rejieatcd, entailing mnch expenae ai^ tniuDle, ud 
requiring Bcicntiflr knowlml^c and jinftice. It was only ncceaaary then to teat the merit of Ik* 
■ubetitulion of cast iron for tbo platinum in Grove's, and the use reepeotively of Ditrio aj 
■ulphuric acid mixed, Guncentrnted nitric and anlpburic acid mixed, and couceatnited nitric add 
alone, when nppliul to pioilueo voltaic actiou. Tnese trinU linvu been made. 



' be oonecntmted, for tlio aolutinn. Platinum cu|r< conUinintt nitric acid have suaponded over tl 
nttadied to a l»r, cylinders of zinc, which are kept from the influence af the acid by xtRmfc dainc 
Wuda. At the moment tlie voltaic action in required, a pressure on the bar immerKs the lin^aad 
at the same time, by an ingciiioun arraiigenieiit, coniul^leit tlie conaection of the seversl oellt. Aa 
action cnnnes, and the deiiired effect bein^ produced, tlie remoTal of the hand allowi the ebitie 
bands to withdraw tlie zinc cylinilera, and yet to keep them suspended avei their reapectife aft 
from further deatruction. Bee FigH. lliil to 1IS3. 




lit/fftnce: — aa, ristinum eylinderi in metallic mnimunication with tha 
pliUiiium cnnnecton bb. ec, Ziuc rola In commiiiiiCBtion wilh th« platiuiim 
cmmfclon d't. When in artioD dJ pms lightly on 6A, that o 
ewh liDc rod with itn corrMpoudiDg pUtiauDi tylioder. 




SpcUon on A B, witli poctioBi 
of the batttry in clentim. 

Etfemce: — * *, Pal« tf 
the batttry. •«, Socwi. 
iin,P.ll>iiaiwhkhththBr 

Though thia battery is classed with thnac in whieh an evolution of pas oMum, they can by no 
mentis compare with it in onerKy. Ita eltx^tni-niolive fnrec is very great ; nor can wo by deaorJl^mi 
dojnitticoto thn ingenuity of the arran;;enient by which the zjnc cylinders are kept ont <rf the acid 
till their destiuc^tion ia necceeary ; at the pmtier moment the pressure of the hand immenM tlion, 
atad siiaultaueously mokes the connection of the several cells. 



A/ernie*.-— Therighl-hnnil lino rods are omitted to ihow more 
ckarlj the mode ofctDiing the cclindfn with the lid z, whm not in 
UK. //, Sirups of india-rubber, which are IntfnilGd to njw the bar 
K whni pitaiure ii removed, «> u to ttop the action. 
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With ratpeot lo WoltMton'B battery of lino and copper, and tha aodifl<«tionB of it before 
mentioDed, we did not sabiait thom to anj detailed examinntion, for we believe it is well known 
, Mid fteDernllj acknowledf^ed tliat Smee's principle in Bupcnor to them in exrg way. Having 
Mtiafled himself of the truth of thi^ general opinion, Ward tested more carefully the power of a 
Bam, and the result will aliow how inadequate such an arrangement is for the inteuM and 
OonataDt heat required for eiploaions of powder. 

He plan pianued in the inquiry into the merit«, or productiTe Talnea, of thtee Mvsial form* 
, of battery, was to aiKeriain first the most advantageous site and arrangiement of platea to cauBs 
the circulation of the required amount of force in each, and then to teleot the one beat for nw 
in the field. 

The principle on which Ward proceeded tn obtain these values was by introducing variable 
XVaiitancea into the circuit, and brining the force of the current circulating in eoeh ease to an 
equality : then, by equating the two expressions obtained, we can arrive at the electro-motive foioe 
or resistance of tlie liquid, oonmiing to the conditions of the experiment. 

To apply the principles mentioned, it is neceaaacy to have the means of varying the interpoaod 
ratirtancB gradoally between any rcqoired limits ; uid the instrument employed wa« a Bheoatat, 
rig. IIM. 




The following is a description of it :— •; is a cylinder of wood with brass termination, and A a 
cylinder of brass, both of the same diameter, and having their axes parallel to each other. On the 



wood cylinder a spiral groove is cut, and at one of itn extremities is attached one end of a long 
oofniei wire of small diameter, whicli, when coiled round the wood cylinder, fills tlie entire groove, 
Hi4 is fixed at its other end to the vxtivmity of the brass cylinder. The two springs j and k. 
pressing one ogainat the brass terminal of the wood cylinder, and the other againnt the brass 
<nlinder h, are connected «ith two binding screws for the purpose of receiving the wires of tlie 
drenit. The movable liandle in is for turning the cylinders on their axes ; when it is attached 
to the cylinder A, and is turned to the right, the wire is uncoiled from the wood cylinder, and 
colled on the brass cylinder ; but when it is applied to the cylinder i/, and turned to the left, the 
rerone fi effected. The coils on the wood cylinder being insulated and kept separate fmrn each 
other by the groove, the current passes throngh the entire length of wire coiled oo that cylinder; 
bat the coils on the brass cylinder not beinc insnlated, the cnrrent posses immediately from the 
pofait of the wire which is in contact with the cylinder to the ipring *. Tbe effective part of the 
length of tbe wire is therefore the variable portion which is on the wood cylinder. 

A Male is fixed to measure the number of coils unwound, and the fractions of a coil are 
determined by an index which is fixed to the axis of one of the cylinders, and points to the divisions 
Ota jDaduAted scale. 

'ibt instmment employed was made on the same principle, though of larger dimensions, as 
more snitable to the inquiry in view. The cylinders were 10 in. long, and einctty 10 in. in circum- 
fcronoe, the wire employed being about 045 in. dianleter, and weighing about 53 grains a yard. 
The wood eyliitder when covered held 100 turns of snch wire, or 52} yds. : and it was assumed aa 
the itutdaid measoie of retistance, estimating and eipreasing all other resistances in terms of this 

Bcone mode was requisite by which the force of the current circulating could be measured. A 
delicate astatio galvanometer first occurred to Ward aa suitable for the purpose ; but be found 
that, though well adapted for the measurement of feeble currents in circulation, it was not so 
■amble te me«saring those of euch great energy as are required for the porpoae of exploding 
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powder. It seemed Uutt the reeiataaee of the liquid iitwt oni mad the el«otn>-inotive Batata men. a 
■ome foTDu of battery, dependent in a degree oo the anumnt of eleotria onirmt in oiicnlatitB. ■ 
when the quantity wan eo minote as to be accurately meaaurad by a g&lTanometer the lalatof L 



was leu that) when a more enrrj^ic currpct waa paaaing. On the other huid, when a anttriwih 
itrong current «u cirenlBtinf;, tE)e deflection of the gnlvuiometer needle w*a so gre*t, that mmI 
variations in the extent oF the circuit produced no c^ct on the vamtion of the Deedl& 



changea were also apparent in the magnetic inteosit; of the needle when acted cm br ii»l 
eorrent^ so thnt two equal degrees of varintion could not be taken aa indirstiona of the ■■• 
amount of circuliiting force. It wan therefore no easy matter to ascertAin when • coiremt nl- 
dently energetic for the object of the ioquirj was in circnUtion. 

With an intention, then, of aacerteiaiug tlie Hmount of reeiitnnce and electro-motiTc fotec a 
every form of battery, when a current of sufficient energy for exploding powder wma cinuktil( 
and at the same time to have a certain indication that such was the condition onder which he nt 
tnaking the experiment, Wanl adopted the fallowing plan. In some part of the metaJlic cilBdl 
he placed a tliin platmum wire. >th of an inch long, weighing 1-65 ^rain a yaid. Gnteb 
varying the melallio resistance, be then ascertained the amount at which th« sanall win ««IM 
jutit melt. As the same degree of heat would elirap be neceaury to fna« the eamo length ui 
thickness of platinum wire, and as that could only be obtained by the same fbrce of cmrent pM^ 
uniformly through all parte of the circuit, and, moreover, as the fusion of this wize would nmSlj 
ignite Btirrounding powder, he thus obtained a galvanometer which, at one view, gave all tM 
information required. 

It was an easy matter to deaij^n an instrument for holding the wire, or any nninber of Vina, It 
required. Ward hod one constructed, which also permitted of two wires bciog plaoed ill incewwK 
parts of the circuit, or, if necessary, of two sets of six, the wires of each set being airanKsd iiiltli; 
lude. (The reason for both tliese arrangements will afterwards appear.) They were held flialf 
between parallel brass plates; and by means of screws, clamps, and a graduated aeale witt a 
vernier attached, any length, from the smallest imaginable to 1} in., could be intradDoed id the 
circuits for the purpose of experiment. As It is an instrument for meaauring enersetio oomnti, il 
may be called an intensity galvanometer. 

Fig, 11S5 represents this iustmioent. ■ a is a wooden stand, resembling a flat niler, having taa 
graduated scales n n of inches and tenths of inches corresponding to the vemien on the bent do«B 
edges of the brass slides aa. In the figure the right slide is represented as diavm hack, aat 
it will be observed that it carries with it a vertical brass transverse plate, prorldsd with iSti 
for the reception of the platinum wires, which are then kept firm by the capping bar bd, ban 
represented open, but vrhicb turns on a hinge at 6, and is secured firmly to tbs plate when dm 
by the lever-catch represented nt e d. The other ends of the wjtea are reoeived in alitt cf a 
■imilar upright piece, which forms pe.rt of the centre plate m, which is attached permanoitly Ij 
BcrewB to the wooden stand, This upright piece has also a lidpd, which is here repreamted m 




closed on the wires. The left slide a consists of the tuinie parts, but is here shown m cloaed in 
to the central upright piece on (hat side: the two uprights being covered by the cap C, which 
keeps up a metallic connection between the left and right slides, just as the platinnm wiiee do am 
the otlier side. By removing the cap C the left slide becomes movable to the left, and wires oaa 
be inserted between the upright of the slide nnd that of the central plate, just as is exhibited il 
respect to the right-hand elide. // are clamping screws to secure the slides in any required 
position, lets are screws for receiving the connecting wires of the battery. When it ia onlj 
intended to use n single wire or a set of wires, from two to six, arranged side by side, the t%p C moil 
be down on one side, either the right or the left, as here represented ; hut when it is wished to nse 
two distinct wires successively in line, or two sets of wires in succession, the cap C must be removed. 
The instrument may be made to complete the circuit, if necessary, without the platinum wires, by 
closing up the slide on the right as on the left side, and covering the uprights bj another oap 
■imilar to C. 

As before staled, there were barely S3 ydi, of standard wire on the rheostat, but it wu 
generally uecessary to introduce much greater resistance than this, llie means of doing so 
were easily obtainable, for having on band about two miles of thin copper wire, varying 
from 160 to 250 grains a yard, covered with gutta-percha, in lengths varying &om 75 yda. 
to half-a-mile, it was only necessary to ascertain the resisting power of these in terms of the 
■' ' ' ' ' ' '" " ' " * ) rMOily i' "■ 



standard wire, and by Wheatstone's instrument this was rmdily done. Thus with a p 
75 yds. long, taking a Grove's battery (though any constant battery would d 
Ward found that three of its cells were capable of fusing the thin platinum v 
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tioned, when 119 J tturas of the standard wire coiled on the wood cylinder of the rheostat wire 

were included in the circuit; and the same three cells fused the same length of wire when 

a coil of wire of another description 75 yds. long, together with 68) turns of rheostat wire, 

3E 
co mp os e d the circuit. Now, three cells acting in series are expressed by -7^7-9 that is, three 

electro-motive forces divided by three liquid resistances, if L represent the resistance of the liquid 
of one cell. The other resistances are in the first experiment composed of 119) turns of standard 
wire, and the platinum wire, the amount of whose resistance we may call p : in the second, of 
75 yds. of coil, 68) turns of standard wire, and the platinum wire p. Under each condition of 
experiment the same amount of force was capable of circulating ; calling this F, we have 

« __ 8 £ ^_ 3 E 

" 3L+119)+P "" 3"L + 68J + 75yd8. +p * 

By which we obtain 75 yds. = 51 turns ; or the resistance opposed by the 75 yds. of coil was 
equivalent to that of 51 turns of standard wire, and whenever this portion was introduced into the 
ouonit it was considered equivalent to 51 turns of standard wire. Again, with a piece of greater 
length, eighteen cells of another battery were capable of fusing the platinum wire, the current 
passing t^ugh an equivalent of 868 1 turns of stMidard measure, and when a piece 550 yds. long 
was introduc^ the same result could be produced through but 88) turns. The 550 yds. piece was 
then = 868) - 88) = 780) turns of standard wire : and to show the degree of accuracy attainable, 
each result (namely, 868) and 88)) is the mean of eight observations ; the first eight observations 
differing from the mean 868) as follows — 

), 2i, 2), If, 2), i, 3i, 4) ; 

end the second eight from the mean 88) as under — 

5), 6), 2), 2), ), 4), 2), 1). 

The probable error of the mean difference resulting from these sixteen observations does not 
ezeeed 1 * 15 turn ; that of a single pair of observations being within 3 * 3 turns. The galvanometer 
ifl, however, capable of measuring to a stUl greater degree of accuracy, if necessary. Hie above 
cibaervations were made with a battery not particularly suitable to the purpose, and with less than 
the nsual degree of care, in a period of lees than a quarter of an hour ; the coil in question not 
being required for the subsequent experimental inquiry. The instrument admits of a repetition 
of from 40 to 60 observations an hour with ease, and thus, in a short time, it would be easy to 
(>btain a result free from any but an almost inappreciable error. In a similar manner the resistance 
of any length of wire could be reduced to a standard measure ; and as the wires were covered with 
gntta-percha. Ward was able to arrange them in coils round the table on which the battery stood, 
introducing such as were required by the nature of the experiment. 

As the thin platinum wire before mentioned necessarily formed part of the circuit in every 
experiment, it was re(}uisite to ascertain its resistance in terms of standard measure. This was 
done by first introducing one, and then two such wires, all of the same length, in different portions 
of the circuit (for which, as has been described, the galvanometer was adopted), and pxoducing 
a fusion in each case 6^ the same power of battery. The amount of standard resLBtance or length of 
standard wire which had to be taken out in the second case to produce fusion, was equivalent to 
the resistance of one platinum wire. This was found, by the mean of six pairs of observations, to be 
60) turns. The prooable error of this result being = 1 turn, and that of one pair of observa- 
tioos = 2'3 turns, is equivalent— as the wire is but *375 Id. long — to '00618 in. in the former case, 
and to -0142 in the latter. 

A ready mode of checking the correctness of this result is always at hand ; it is as follows :— 
Find the utmost length in standard measure of the metallic circuit (not including that of the 
platinum wire) which will admit of any even number of cells in series, say twelve, fusing that 
wire. Ascertain the same with each half, or six of those cells. The sum of the circuits of the 
two sixes deducted from that of the twelve will give the standard resistance of platinum wire. 
This will be a true result, subject of course to corrections for errors of observation, however 
imgolarly the cells may be working inter se ; and a reference to the formula will easily explain 
the rule. 

It might be supposed that the resistance of these several wires would be ascertainable by the 

fbnmila to = — , when the specific resistance, the length, and the area of the section are known ; 
a 

txt if they are all of copper, the specific resistance being the same, that the length divided by the 

weight a yard should give the comparative resistance ; but an approximate value can only be 

obtahied by such measures. A small variation in the description of copper from which the wire 

fa manufactured would affect the value of «, and the difficulty of obtaining in wires of small 

diameter a correct value for a, or, what is its equivalent, the difficulty of obtaining a long wire of 

a uniform weight a yard, would increase the probable error of the true result. For instance, 

several portions of the same wire weighed 249*5, 233*5, 228*6 grains a yard, as ascertained by 

a delicate balance turning to -^ of a grain, thus denoting an irregularity due either to the manu- 

Ikctnre or to the quality of the copper. 

It is therefore fortunate tiiat Wheatstone's rheostat furnishes such a ready, as well as practical, 

mode of ascertaining the degree of resistance of all descriptions of wire voithmt a knowledge of any 

of the factors of the equation to = — . 

The amount of error into which we may be led by determining the resistance from calculation 
instead of by experiment may be seen from the following Table, in which that practically ascer- 
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tained and that calculated, each in teims of wiro weighing 53 grains a jafd, aze placed nde Vj 

aide : — 



I 

' Actual length 
' of Wire, in 
Yarcto. 



WrtRht per 
Yard, in Uraliis. 



Calcniated 

Resistance in 

turns or 

Kheusiat 



75 
125 
245 

495 
280 



233-22 
228 -06 
233-5 
249-5 
1G6-2 



61-3 
104-3 
200-2 
378-5 
321-4 



Actoal Rnlct- 
atioe by Experi- 
ment in tariM 
of RheotUiL 



I 



51 

83f 
172J 
822| 
401| 



Pcfoentaits nf 

Krror fn 
GakaUtkMiL 



+ 16-8 
+ 19-7 
+ 13-7 
+ 14-8 
-24-9 



Protwble 
In 



0-58 
0-5S 
0-46 
0-34 
0*41 



ThiiR the first four lengths (which, as l>ofore stated, are portions of one original piece, and wtn 
th(>r(^fr)ro pmlmbly inninifarturcd fmm one description of copper) are tolerably consiRtent amoajp 
thmiML'lvcs, thoii<^h dififcriiig on nn average )>y more than 15 per cent, pius from the ataadaid, 
wheri^RS tlie lant ])ieco shows a mhiHs error of nearly 25 per cent., making an aggregate onr 
bi^twt'cn the two descriptions of copper wire sliown in the Table of aboat 40 per cent. 

Here, tlien, is made a))i)arcnt one of the ])r()l)a]de sources of failure in demolition by ToKaie 
agency. The different dinmct(*rs of the pieces of 495 yds. and of 280 yds., tliough apparent oo 
riiisr examination, would not strike a casual olmerver ; in fact they were purchased from the Gutta- 
percha Omipauy as one description of wire, yet the resistance of the shorter lenf:^ha as compared 
with the loiiffcr is as 402 to 323 ! If, then, calculatins; on the experimental resulta obtained from 
the former, tJie same lengtli of the latter wire had been used in any proposed demolition, the 
probable result would have been total failure. 

The last column shows the probable c^rror in the ascertained resistance, which averages under 
one-lialf per cent. These results are more tlian sufficiently accurate for the purpose of the inquiry, 
though by no mc>ans so near as it would be easily ]iossible to attain, since it is within the compasi 
of an easy day's work to ascertain tlie resistance of all these lengths to within -^th. per cent, of 
pn))>ablc error, and even to eliminate error altogether. 

It was easy now to obtain the value of L or the rt^sistancc of the liquid stratum in any battery, 
as well as the proportional value of any electro-motive force. The experimental results with eadi 
batter\' examined now follow, being prefaced with a description of the size and meclianical arrange- 
ment of each. AVard had, for the conimencement of the investigation, that battery of Orore'i 
construction which was employed in the demolition of Seaford cliff in 1850. It was supplied to 
the Engineer Department at Portsmouth as the l>est form and description of voltaic implement 
known for the purpose, and therefore deserves a description to show how much such an instrument 
is capable of mo<lificatiou, when required solely for blasting puriKtses. 

The l>attcry consiste<l of ten cells, in c*ach of which was suspended one plate of platinum, with 
two of zinc facing it, one on each side, at a distance of f of an inch ; the exciting solution beins 
dilute sulphuric acid for the zinc in the i)ro])ortion of 1 of m^id to 8 of water, and strong nitric arid 
for the platinum, the two acids lK?ing separated by a jx^rous earthenware diaphragm ; the plates in 
action in each were two 9" x 7" of zinc, and one 6" x G"of platinum; each cell reiiuiring 2} pints 
of dilute sulphuric acid, and i{ of a pint of nitric acid. Its weight when diarged was 168 lbs., of 
which 40 lbs. was due to solution and 44 lbs. to zinc plates. 

Each cell then had the ]>ower of circulating the standanl force required, that is, a foroo capaUs 
of fusing thin wire, through a resistance of <)(U timis standard measure. 

It was evident, on first sight of the instrument, that this battery would admit of considerable 
reduction, if the princij)les of Ohm's theory were correct ; and that if the distance between zinc and 
platinum was reduce<l fnmi J to ^ of an inch, one-half the weight of zinc (=22 lbs.) and a oor- 
resTionding bulk of acid could be disj»(*nse<l with, without lessening in any deg^ree the power of 
each cell. With this consideration in view, and also wishing to compare an arrangement on 
Grove's principle with one of Smee's batteries. Ward liad one of the former constructed with 
twelve cells, two zinc plates 4" x 2" being in action in each cell, one on each side of a jdati- 
num plate 4" x 4" and at a distance from it of about f of an inch. The experimenter also had 
the platinum plates platinized, the original object of whicli was to work this identical battery 
as a Smee, by dispensing with tl^ {lorous cells and nitric acid ; but thinking afterwaids that this 
might appear to some as hardly a fair trial of Smee's arrangement, W^ard almndoned that idea, and 
used these platinize<l platina ])lates in the Grove's arrangement only. It will be seen subsequently 
that ))latinize<l platina opposed to zinc gives a stronger arrangement than platinum only — a fSui 
which was first noticed by McCallan. 

The investigatirjn was intended to find the power of the several voltaic combinations when 
excited by ordinary agents, that is, those which might readily be obtained : our author did not enter 
into an inquiry, except on special occasions whicli will bo particularly noticed, as to the degree 
of power attainable by the use of concentrated nitric acid, doubly-rectified sulphuric acid, or soch 
reagents as are difficult or expensive to procure, or dangerous to handle ; but confined himself 
to the task of ascertaining the imwer attainable from ordinary, or what are termed commercial, 
acids, which do not emit fumes (festmctive to health. 

The rule for ascertaining the merits of any voltaic combination is this. Arranging any number 
of cells in series, ascertain the metallic resistance that can be comprised in the circuit which will 
])ermit one platinum wire to be fused. With the same num1)er in series, ascertain the extent of 
circuit which will admit of two platinum wires placed side by side in the galvanometer being 
fused : and these two experimental results may be obtained in five minutes at any time in the 
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field as well as in the labontory, with instmmcnts which should always aooompany the battery, 

by a single observation of each result with a probable error not exceeding two t^rns ; whilst by a 

repetition of observations, all appreciable error could, of course, be eliminated. In making these 

trials, it is not necessary that the operator should have any knowledge of the metals or acids of 

which the voltaic arrangement is constituted. The experiment will show him at once if the 

battery is to be trusted, and to what extent, and, if any disarrangement has occurred, how many 

cells to add to overcome the defect : indeed, the constancy and duration of the heat made apparent 

on the wire is at once an infallible and ready test of the value of ike battery for explosive 

purposes. 

The demonstration is as follows :— Taking n cells in a battery whose electro-motive force is £, 

and resistance of liquid L, suppose a metallic resistance ur to be the extreme that can be interposed 

and yet enable a force to circulate that will cause the platinum wire to be f^ised ; call this force F, 

n £ 
then the equation stands F = — . Now, if the extreme metallic resistance, which we will 

n Li "J- w 

eall w*, is ascertained whicli admits two identical wires, placed side by side, to be fused, it is 

evident that the same force F must be passing along each wire at that moment, or a force of 2 F 

along both together ; and as the same quantity of electric fluid must be passing through every part 

of the circuit, the equation representing the conditions under which the battery is working will be 

n £ 
expressed by 2 F = — , . Now, as the numerator in both these expressions is the same, for 

II 1j -J- tP 

In both experiments the same number of cells are used, the denominator in the last must be one- 

10 — 2 to' 
half of that of the first, orn L + w' = } (n L + w) .*. L = . Thus the average resistance 

a 

of n liquid strata, or n L can be obtained. The use of this value of L will be better understood 
when we come to consider the other numerical values in each case. 

Again, suppose we have two separate combinations of battery, say a Smee and a Grove 
arrangement, of which it is desired to determine the comparative value of the electro-motive 
foroes : let the electro-motive force be £ and £', liquid resistance L and L', and the quantity of 
metallic circuit that each will bear when n cells are combined, and yet permit the stanoard force, 
which we will in future call a force F, to circulate, be w and w'. Let the amounts ic and w' require 
an increase or diminution = a and a' of metallic resistance when a force F' is required to circulate. 
We then have in the first case, 

Smkk. Gbovk. SmsE. Gbovk. 

nE „ >iE' ^ . .,. , «E «, »E' 

= F = ^ . . — ■•, and in the second — = — : ; — = F = 



nL + M? nL' + tr'* »L-|-M>±a nL'H- w'± a' ' 

then of course E : E' as the sums of the respective denominators in each case, but they are 
iJbo as the differences of the denominators of their respective fractions, that is to say, as a to a', 
or E : E' : : a : a'. 

In all these observations the forces F and F' have been in the ratio of 2 to 1, to simplify the cal- 
enlation ; and the equations under the conditions became 

12 E 12 E 

12L + W* " 12h + w±a' 

which being reduced, for the purpose of determining L or the liquid resistance, gave 
12L = t0 — 2(u7±a): and on these principles Wud took the observations that follow, the num- 
ber of cells in series in all cases being twelve. 

With the Grove's having plates, 4" x 4", of zinc, and platinum in action in each cell, 

1. The metallic resistance interposable for 12 cells, when one wire \ q^ „, _. 7751 tuma 

was fused / ' 

2. With two wires -.. orir — a = 350J „ 



.*. 12 L = 775J — 701 =74*5 turns; the probable error in tliis value of 12 L, as calculated from 
the nature of the observations, is = 1'7 turn ; that of 775} turns, similarly calculated, is equal to 
2 turns. 

The electro-motive force of this battery as compared with any other would be the difference of 
these two observations in each case, that is to say, the difference of the denominators of the equa- 
tions F and F, as before stated. In the present case this is 775} — 350} = 425, having a probable 
eiiorofl*6. 

The duration of the power of this battery, or its constancy, as it is called, is deserving of notice. 
The results just given show its energy about an hour after charging, at which time, the porous 
eells being well saturated, it may be considered to have been at its maximum. During the day 
it was experimented with sufficiently to fire 300 charges, and at the end of seven hours the experi- 
ments above described were repeated in the same order. No. 1 gave 753^ turns ; No. 2, 332|, from 
which 12 L = 88, and comparative value of £ = 420^. Thus the resistance of the liquid had, as 
regaids itself, increased 18 per cent., and the eloctro-motive force 1 per cent. ; but the two together 
had reduced the available energy of the battery from 775| to 753^, or not 3 per cent. This con- 
stancy is readily attainable by carefully amalgamating the zinc plates beforie charging, an operation 
oooopying a few minutes ; and it has been found on this as well as on other occasions that the bat- 
tery will continue sufficiently constant for all practical purposes for a period of twelve hours. The 
small loss of power noticeable here is probably owing to the fact that it was always Ward's custom 
in charging the several batteries to mix the sulphuric acid and water immediately before filling 
the cells ; this, as is well known, raises the temperature of the mixture above that previously sen- 
sible in either of the liquids, and as the temperature is heightened the conducting power of the 

2 N 
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solution is increased; bnt thia power diminishes aa the solution cools, which it gimdimllydoei. Ot 
the proHont occasion Bulphuric acid and water, each at 4(r Fahrenheit, when mixed in the propor 
tion of one measure of acid to eic:ht of water, pive a resulting temperature of about 70^. 

When tliis battery is in its full strenpfth. the amount of resistance commanded bj 12 cello, tliat 
is, the amount of metallic rosistnnco which can be added to the circuit for each cell in aeries withovt 
diminishinfi; the value of the circulating force l>elow the standard necessary for fusion, is = 7^^ 
turns for the 12, or G4|t for one cell ; but it will be remembered that the power of one cell in the 
lar^e Grove did not exceed 6G^ turns, so tliat this small difference is the only loss a cell Ij 
reducing the battery. In respect to the gain, the quantity of nitric acid to charge each cell his 
been diniinlKhed froin ^ to ^ of a pint, and the dilute sulphuric acid from 2f to j^ of a pint. These 
two alone diminish th(; cost of charging 10 cells from 1». f^/. to 2«. ; but as this acid lasts only 
12 hours, wliilo the otliers are available for 24, the comparative cost should stand as 7«. 9d!. to k. 
The w(>ight of 10 cells of this liattcry when charged was only 27 Ibs^ while that of the large oie 
was 1(>8 lbs. The cost of construction was loss than one-half, and the cubical contents leas than I, 
So that while but 1^ i)er cent, of power a cell has been lost, the gain has been 50 per cent m 
prime cost, the same in working, 600 per cent, in weight, and 700 per cent, in bulk. 

Referring back, let us substitute in the equation F = , the value ofn = 12, «L= 74J, 

12 F F E 

and w = 775|, and we have F = ^^ ^ ,^5^ = ^_ ^ q^^. =701'"^ ^^^^^ '^^* represents the 

utmost amount of resistance in standard measure that this principle of battery will bear a cell, 
without reducing the amount of circulating force below the force capable of fusing the thin wire, 

E 

that is the force F, and in which — — represents how this total resistance is apportioDed 

5,V + 64^ 

1)etween the liquid and metallic circuit, in this particular sized battery. But. the same resnltiiig 

force could be obtained by a battery working unaer any of the following conditions, namely, — 

E _ E 

241 + 46 70f^ ' ^ -^ 

E __ ^E^ _^- 

*''' "35A + 35A"70i* ^ -• 

The first of these can be produced by a diminution of the size of the plates from 4" x 4" of surftos 
in action in each cell to 2"x 2"; anil as this reduction of size would not diminish the power a cell 
30 {MTcent.. or from 61^ to 46. wliih; it might n^asonably be expected that the expense of charging 
weight, bulk, and cost of battery would be diminished at least 100 per cent., this modified form is 
evidently prefenible. 

No. 2 is. theoretically speaking, the most economical form under which any principle of battery 
can work for the circulation of the force required, which in this case is to fuse the particular 
platinum wire that we have been using, that is, when the liquid resistance of each cell is equal to 
its available ener«;y ; and in a Grove's combination the expression represents plates about 1*66 in. 
square in each cell. 

The thinl expression represents a lottery working under such conditions that if 1000 cells were 
place<l in series they would not have the power of circulating the force F through a metallic circuit 
of 1 ft. 

Theoretically speaking. No. 2 is the most economical form of battery ; but other oonsideiatioDS 
forbid its adoption. To obtain the power, ^^ the C4dl indicated by the etiuation, each compart- 
ment must be carefully filled to the top, as failing to do this by a quarter of an inch would sensibly 
diminish the power a cell. Any deterioration in the strength of acid employed would have the 
same efiect, and the whole quantity employed being so small, it would deteriorate soon after the 
battery was charged. It yrill bo seen that the acids used in the Grove, of which the zinc surfaces 
in action were 4 x 4" in each cell, were available for but 12 hours, while that in the larger siae 
was equally so for 24 hours. Reasoning from this, it could then hardly be expected that the small 
batter}' represented by efjuation No. 2 ttould remain efficient for one hour, or work eooDomioslly 
for one quarter of an hour. 

E 

One more condition of this equation deserves notice, namely, F = . This cannot pno- 

tically be attaine<l by any construction, for the liquid resistance must be an absolute quantiW ; but 
it shows the imix)rtAnt fact that hotccver lartfc the plates of a Grove's combination, such as the one 
we have V>een considering, are mmle, the force F could not circulate if in each cell was developed 
resistance equivalent to 70f turns, while hro cells 2" x 2" can bear a resistance more than equal to 
this, and yet circulate the required force with ease : in other words, that for the circulation of the 
force we require two pairs of plates in series, each 2" x 2" in surface, which are more than equi- 
valent in force to one plate even a mile square. 

No. 1 arrangement having then been decided on as the best, a battery exactly similar to the 
former was made, but having zinc plates 2" x 1" overlapping platinum 2" x 2"; the former fiscing 
the latter on each side, and thus giving a surface of each metal 2" x 2" in action in each compart- 
ment. This diminution in size permitted the zincs to be brought somewhat nearer ; and, instead 
of being | of an in. from the platinum, they were A. 

The experiments Nos. 1 and 2 were made with tnis battery, giving the following results as the 
mean of eight observations of each : No. 1 = 571 ^f ; No. 2 = 162^^ ; from which the oomparativa 
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▼alne of E = 409/^, and the resistance of 12 L = 245f : the probable error in each result being 1 '5. 
The diminution of the comparative value of £ from 425 to 40i)^ is attributable to the platinized 
platinum being used in the former case, while ordinary sheet pUtiniim wks employed in this, and 
not to a diminution of size, which does not influence £. The sum of the resistances of the liquid 
in twelve cells htul increased from 74*5 to 245f. 

Now, remembering that the plates had been reduced to \ the size, but had been brought nearer 
in the proportion of 5 to 6, calculation from the first result would give the second 

= ■'*-^^^*^^ = 248i, 
whUst experiment gives 245f. Assuming the value of 12 L = 245f or L = 20*47, and that of w '= 

-^ = 47-65; the oiprearion P = j-J^ stands ^.„l„ -:^ = ~i2 , '*°'^°« *''** '^'"' 
the platinum is not platinized a Grove will bear a resistance of but 68 turns of standard measure 
instead of nearly 71, as before, to each cell. 

Referring back to the largest Grove, namely, that with zinc plates y x 7" and platinum 6" x 6", 
we may consider the area of the mean section of the fluid on each side = 49|", and the plates being 
i of an in. apart, facing the platinum on each side, the value of 12 L in this battery by calculation 

74*5 X 16 
would be — T^yr — = 24 nearly, or about 2 turns a cell ; and as the available energy of the 

battery is 66} turns, the condition under which tlie largest Grove circulates a force F is numerically 

£ £ 

expressible thus ; F = _ , ^-- = -;^ , which, admitting experimental error, is the same expression 

2 + Doj 68J 

M that obtained from plates but 2" squaro ; thus showing tliat increasing the size of plates does not 

increase the electro-motive ener«7, that is the value of £, for the superior available energy of 66} 

turns in the large Grove is merely due to the diminished resistance. 

This principle has been established, both by Ohm*8 theory and experiments, and required no 
further demonstration, except to bring the consideration of it to special notice as materially affecting 
a part of tlie following inquiry. 

The batteries hitherto used, it will be borne in mind, were made with zinc plates overlapping 
the platinum pUte, and facing it on each side. Thus the outer surface of the zincs was not directly 
opposed to any negative metal. To ascertain if this portion did any work, Wani carefully covered 
with a thick coating of sealing-wax varnish the outer surfaces, so that it was impossible they could 
be acted on, and then tried on a subsequent day the variation of E for 12 cells, as compared with 
former experiments, but he found no diminution of power. To make sure that this was not owinj? 
to any peculiarly good acid used on that day, he removed the vaniish from each plate and reinserted 
them in the same solutions. The Ix&ttery was found somewhat diminished in power, but very 
slightly, not more than 2 per cent., though if the outer surfac-es had been acting, it ought to liavo 
inerwued in power. Tliis was probably owing to the longer time it had l)oen in action. These 
triali evidently proved that no sensible power is obtained from the outer side of a plate, or from 
any other surfaces that do not directly oppose each other ; for had there been 3 per cent, of increase 
it would certainly have made itself apparent. It is not at all surprising that it should be so ; for, 
referring to the principles of the action, the electro-motive force, that is, the affinity of the zinc 
and liquid for each other, depending on their nature, and not their auantity, cannot be increased ; 
the amount of electric fluid they can supply is unlimited, and controlled solely by the resistance of 
the liquid to its transmission, this resistance varying directly as the distance between the plates ; 
and henoe it seems in due course that the wliolo of the supply should be ol)tained from the parts 
where it can be so done with the greatest fieMsility, namely, from those which are nearest to or directly 
<^ppofling the platinum. 

The result, however, must not be confounded with, or supposed contrary to, those obtained 
when the zinc, being opposed on each side by a negative metal, tlie lottery is found to exhibit 

greater energy than when tl ' '" ' " '' **" *"' *"^ ** 

■ide only : for here the zinc 

■applies electric fluid from 

the ntmoet advantage. The fact however made eviclcnt, to wliatever cause attributable, was of 

great importance, as it admitted of the Iwittery being much simplified, of dispensing with many 

binding-flcrews and of much unserviceable metal, as well as of an economy of size and weight, and 

increaae of power, for the plates could now be brought nearer together. 

Adhering, then, to the same sized plates, a diminution of which seemed of no practi<»l ad- 

ttage, a battery was constructed with plates of zinc and platinum welded together in the 
simple style that zinc and copper used to be arranged in, one of each pair being in a separate cell, 
and the platinum immersed in nitric acid being, of course, separated from the zinc of another 
oonple immersed in dilute sulpliuric acid by the porous c«ll containing it and the nitric acid. A 
battery eo made permitted the plates to be brought to an average distance of little more than 
-^ of an in. from each other, and bv the simple contrivance of a lid, every pair and every porous 
cell was kept in its place, and could be thus transmittecl as ordinary Iwggage by rail, without 
extra packing or precaution. Fig. 1156 represents one of these batteries of six plates, and the 
connecting metallic straps are so represented as to explain the manner in which several of these 
batteries may bo combined together ; Fig. 1157 represents a single pair of plates. 

Six pairs of pUtes so arranged occupied a box not exceeding 7" x 4" x 4", substantially made 
for use in the field, including binding-screws and porous cells ; and the reason for this arrangement 
of six cells in one box will be afterwards explained. The result of the fusion of one and of two 
wires by twelve cells, or two box batteries of this arrangement, gave on one occasion, No. 1 = 651, 
and No. 2 s 2101; &om which 12 L = 160^, and the proportional value of £ = 410^. 

2 N 2 
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On anothei' OMnaion, No. 1 cave (Ml, and Nn. 2 gave 290J, showia^ that the total k 
12 L was now - 179}. but tbat the valne of £ iraa nnclianged ; the TarifttiOD in the n«uitui 
due to the time ' 
which tho eiperi- 
monta were made, aa 
the increase was pro- 
babl; owing to a <tif- 
fen-nt set of twelve 
liBTing been used in 
each cfiBC. 

If wo (ulopt tlie 
mean of theue two, or 
12L = ]74-5,L = 14i 
may fairly be taken io 
represent the rcxiBtnnoo of the liquid 
when the bnttoiy is in ita strongest 
action, namely, for Uio first throe houre 
After it ia cliarf^. ..AIbd the otectro- 
mntive force of a 0iOTr Wtter; un- 
platinizad may bo topresentod by tho 
numerical value 410, an on three Hcpn- 
rate occaaiona experiments have giren it 
409^ 4101, and llOJ, that of a platiuized 
Grove being 425. 

To ascertain how mueh the power 
of tliU battery tltmininhcd when loft 
charged, the aamo eiporimcnta were re- 
p(«ted after six hoars, and No. 1 was 
then found - 484J, and No. 2 = 104^; 
giving E = 3S0, nnd 12 L = 2751. Thua 

the eloctro-motive force had diraJDisbed 7 per cent., and the liquid r««iBt(inae bad fa 
eont. These two circumstances combining, diminialied ths available energy of the bstterv a ocU 
484i 







53|to 
For the Aral two 



401, or about 25 per cent. 
tlirco hours the oonditiona under which the force F cirenlatea in the 



hattcry is expressed by F 



which expresses that each cell a 



U8i 
•nee, or has an availnhlo energy snlHciciit to 
standard wire. At six hours after chargtug, this coi 

battery then worked under conditions expressed by . 
6S| and &H denoting the comparBtivi 
ThU,tlien,isl«liovedtobethe moi 

intended for the explosion of powder; for though on looking at the unmerieal value of It H it 

may seem tlint the size of tho plates could yet be reduced, it must be borne in mind that, though 
a forces expressed by — - and -— - are sufBcient at their reapective periods for Aiaing the 
platinum wire when in tho galvanometer, a atill greater force will be nc(N3e8ary for the aamo fnaioo 
when that wire is suirounded by powder. A siiisll platinum wire, not exceeding ■O0S6 of an in. 
in diameter, in contact with any subittancc, must be subject to a great atistlvation of heat; but 
how much this ia Ward was not able accurately to dotermiuc, thongh snpposing, as he believed tu 
be tlie case, that alxiut ono-third is thus withdrawn, ■-- and —^ would more nearly represent the 

force required to circulate, under such circiimslencos. to produce fusion, giving 18 —14)-, or 311, 
Mid 42 — 23, nr 19, as the nvailnblo energy to each ovU. Again, if a number of charges in a aieoft 
are Io be fired, a still greater amount of circulating force is duHirable to enaure auoceas, and ovcr- 
Fomo small differenecs in tlie lengths of the several platinum wires. Sometimes also » thicker 
platinum wire may be employed, which would require greater power to fuse. For all theaa 
reasona any further rc<luction is unadvisable. 

Having thus decided that the ainc, form, and nrrangement just described were the most ran- 
■ for a Grove battery, when required for the purposes of exploding powder, Ward proceeded 
.., — u_j : c L ij _L._;_ !■_._. jj by using Snrt concentnitod nitric acid. 



» ascertain what increase of power ho rould obtain from it 



specific gravity 1 ' 500, and tlicn a mixture of concentrated i 
portions. 

With the former, 
„ „ No. 2 

From which 12 L waa found = 177, and the comparative value of E - ' 
oonclnded that concentiated nitric neid, used in place of the oommercial acid, i 



ie and sulphur 
1 experiment gavo 701. 



acida, in equal pio- 



e energy of tho battery about 7 per ci 

The mixture of concentrated nitric acid w 
object the strengtlienini; of the former; aa tlu 



t., but has no influence on the reoiatanoe of the 
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withdraws that, which Is essential for the preservation of nitric acid in its liquid state. A combi- 
nation of the sulphuric acid with the small quantity of water it finds disengages also a very great 
amount of heat, and the mixture gives forth copious fumes of nitric acid, which are destructive to 
health ; the liquid at the same time in any but practised hands being dangerous to handle. It is 
desirable therefore that such a mixture should never be applied in the field, or be put into 
unskilful hands. Its effect in giving energy to the battery was however tried, and the result was 
that at first, while the acid was warm, it had the effect of reducing the resistance of the liquid, 
but gave no appreciable increase of electro-motive foroe. When the whole had fallen to the 
ordinary surrounding temperature, all extra power had vanished. The employment of concen- 
trated nitric acid alone gave an increase of electro-motive energy of but 7 per cent, to each cell above 
that when coounon acid was used. The price of the former is about three times that of the latter, 
and its fumes are deleterious, while the latter hsjrdly emits any. Ward therefore considers it 
unneoessarv to employ these extraordinary reagents in any case, especially when any inferiority of 
power can be compensated by a proportional addition of cells. 

It may be as well, before leaving the Grove principle, to show how much the original battery was 
susceptible of improvement for our particular object, and to do this our experimenter has arranged, 
aide by side, the expenses of keeping each charged during 24 hours, so as to be able at any time 
during that period to fire one charge through conducting wires weighing about 250 grains a yard, 
at the distance of half a mile, assuming what his experiments Imvo shown must oe about the 
truth, namely, that when allowance is imide for the cooling effect of the powder, a power repre- 

E 

sented by -^^ will fire instantaneously one charge, with platinum wire f " long, and weighing 

1*66 grain a yard. 

Large. SmalL 

Price of acids (used to charge) .. .. lls,6d, .. .. 7s. &/. 

Weight of apparatus charged .. 386} lbs 86} lbs. 

Size of apparatus 6 cub. ft ^ cub. ft. 

Ckwtof „ 46 guineas .. .. under 10/. 

The inauiry into the power of Grove's principle of voltaic combination has been given in some 
detail, to show the mode of proceeding, and the conclusion to be drawn from experiment. 

Bearing in mind that the size of the plates has no infiuence on the electro-motive force, and 
that any diminution of them makes itself apparent only by an increase of the resistance of the 
liquid reaction, it will be seen that it was easy to obtain the electro-motive enei^ of any 
puticular arrangement, by simply altering the metals and exciting solutions. Thus, if cast iron 
was substituted for platinum, and experimental results 1 and 2 obtained, we have a complete 
Imowledge of the electro-motive energy of one of McCallan's batteries, and also its resistance when 
made of that size. The former numerical result would stand true under any arrangement of cells 
and plates, and from the latter the liquid resistance of any arrangement could be deduced suffi- 
ciently near for all practical purposes. 

With Daniell's battery we have but to substitute copper for platinum, and sulphuric acid and 
copper, in the proportions recommended by Ward, for nitric acid, and we could obtain its power 
under every condition, and so on with any other combination. First, with respect to Daniell's 
anangement, the metals were zinc and copper ; and the solutions dilute sulphuric acid, in the pro- 
portion of one of acid and eight of water for the zinc, and a saturated solution of sulphate of copper 
in dilute sulphuric acid, of the same strength, with the copper; the two solutions being kept apart 
by a porous diaphragm, whilst the temperature and conditions under which the trials were made 
were similar to those to which Grove's principle had been subjected. 

The electro-motive force as compared with Grove's was as 235 to 410, though, as these results 
were somewhat hastily obtained, we do not submit them as wholly accurate ; and the resistance of 
the liquid of 12 cells 2" x 2" was 242| turns, Grove's having been found to have 174} at the first 
hour, and 275} at the end of six hours. 

Disniell's battery has the advantage of greater constancy, its liquid resistance, while the 
aolphate of copper is kept saturated, remaining the same at the same temperature. On the other 
hand, difference of temperature has considerable influence on the success of the battery, owing in 
a great measure to the variation of the resistance of the liquid ; the dilute acid at a high tempe- 
rature taking up more sulphate, which, as the mixture cools, crystallizes in the pores of the 
diaphragm, and thus increases the resistance and diminishes the energy of the battery. 

Ward did not test what difference is due to changes of temperature, for a Daniell's arrangement 
being more complicated than Grove's, it was but necessary to compare them under ordinary con- 
ditions of temperature to determine their relative merits in the field, where means for raising an 
artificial heat cannot be generally accessible. 

Greve's battery is not so influenced by changes of temperature ; that indicated by 50° Fahr. 
being in all cases sufficient, and sujierior to this can always be obtained by mixing the sulphuric 
acid and water just previous to charging the colls. 

A trial was made to form an idea what difference of power would result if a saturated solution 
of sulphate of copper in water was used in preference to the same in dilute sulphuric acid. The 
electro-motive force showed an increase of power throughout the day from 235 to 242 ; but the re- 
aistance of 12 cells 2" x 2" at the commencement was 605^, or nearly 2^ as much as in the former 
case. The latter, however, diminislicd during the day, owing to the more intimate mixture of the 
two solutions through porous ceUs, the battery consequently increasing in energy, and at the end 
of six hours it stood at 402 turns. 

The solution, as recommended by Daniell c;avc the stronger energy, the resistance of the 
liquid of 12 cells being about 248, and the available energy the cell equal to about 19 turns. 

The condition, then, under which a battery having surfaces of zinc and copper 2" x 2" 
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Ei Ej 

in action at \ of an in. apart, stands, is this : F = = -^r ; and as here the tbIqi 

of Ij is greater than tr, it is evident that such a size of plates is dLBadvantageons for a DuudTIi 
arrangc'iiicnt. 

Tlie amount of negative motnl in this battery is that comprised in a hollow crlinder of oopper 
3} in. diameter, and varying in height according to the power desired. Suspended in the oentee if 
a zinc rod. that employed at Chatham being } of an in. in diameter and 20 in. high. If, then, m 
take for tlie area of the mean section of the fluid the surface of a cylinder 20" Tiieh and I" dia- 
nu'tor, l>eing the mean of tlie diameters of the zinc and copper cylinders, wo ahall hare a total 
area of nearly 181 in., at a distunce of y of an in.; l>ut it has been found above that a nir&oa 
of 4" at a diHtance of about -j^ of an in. opposes a resistance of 20^, and hence a surface of 134 io. 
at a diHtance of y of an in. would oj>i>08e a resiHtance of 2^, leaving an available eneigy = 
30| - 2.^ = iHVi the cell, when {lorous (.^lienware is employed as the intervening diaphragm. 

Daniell, however, rcmarkH tliat ox-gullet opposes less resistance than earthenware : and rtm 
assume the rcHistance to be dimini&he<l l)y this substitution to H turn the cell, it will be giving 
the battery every advantage ; anfl then the available energy to each cell will be 371 turns for flring 
the Hmall platinum wire when placed in the galvanometer ; or allowing, as we did before, that one- 
third gR>ater force is recjuired to fuse it when in contact with powder, the available energy a cell 
will l)e re<luced to 25 turns. 

Sup])Obing, then, that the Daniell's battery, of the arrangement described by its author and the 
size a1x)ve specified, is reiiuired to 1>e ajtplied to the explosion of a mine, its power the cell, as oom- 
I>art>d with the small (irove, would be alx)ut as 25 to 32, or 3 to 4 nearly. Now, the weight of 
10 cylinders of Dani(tirs battery charged is 137 lbs., whereas 10 cells of Grove's do not weigh 8iba: 
and further, the Daniell is much more complicated in its arrangement. 

AlcC.nllnn*s plan of subBtituting cast iron for platinum was tried. The electro-motive Ibfre 
se<>nie<l to l)e about the same as in the Grove's : but as it seldom remained constant, owing to the 
dilution of the nitric acid and dehtruction of the inm, it was not easv to determine it with accmac^. 
It ONcillate<l between 408 and 413, that of Grove's Ix^ing 410. The resistance also of the liqud 
being at the commencement the same as in the Grove's, it might seem that iron, being cheaper, 
could be odvantageouBly substituted for platinum ; there arc, however, some material objecttoos 
to the substitution. The nitric acid destroys the iron during the whole period that the batteiy is 
kept charged, and the more so as the acid gets dilute<l, forming a solution of nitrate of inm in 
nitric acid, and thus is every moment deteriorating its own |X)wer of absorbing hydrogen, the 
battery conKetjuently falling in energy. The nitrate of inm also impregnates the porous cells; sad 
in dismantling the Lattery it is necessary to soak them for some hours in water, to be fteouentlv 
changed, l)ef()re pi^rmitting them to dry, otherwise the iron salt crystallizing in the coils will crsck 
the earthenware. In addition to this, the action of the nitric acid on the iron is sometimes so great 
as to cause the acid to boil over, necessitating a rearrangement of cells. 

All this trouble and uncertainty is dispensed with by the use of platinum, which is uninflnenoed 
by the acid : and, though the first cost of a platinum battery is much greater, in the end it will be 
found both cheaper and more efiicacious. 

The substitution of a saturated solution of nitre and sulphuric acid in equal proportion was 
tried with the battery of McCallan. This also is a most troublesome arrangement ; it is very 
inconntant. so much so,indee<l, as to bo quite unsuited for circulating energetic currents; it is con- 
tinually boiling over, and however well it may answer for experimental researches in a laboratcny, 
it should never be trusted for the explosion of mines. Its electro-motive energy varies accordiDg 
to the amount of force nNjuinKl to circulate ; but for the quantity necessary to fuse the platinum 
wire it never excee<led | of (drove's, and only came up to tliat occasionally. The object of this 
substitution of nitre for nitric acid is stated by McCallan to be economy ; but it has been shown 
tliat Grove's battery can l>e kept charged at a cost of y'» of a penny a cell an hour. 

If, however, nitre couhl have been trusted to excite a lottery, even in an inferior degree, its appli- 
cation would have been worthy of further inquiry, as it might sometimes happen in the field that the 
supply of nitric acid should fail ; but so long as gim^Mwder remained in store there could be no 
diinculty in obtaining a suitable solution of nitre, by simply boiling up powder and filtering it 
through blotting paper. The application of this ingredient however, as we have before said, gives 
very precarious and uncertain results, and should never be resorted to by any but those who have 
had long practical acquaintance with voltaic phenomena. 

We now come to anotlier class of batteries, namely, those in which but one kind of aolutioD is 
employed, the use and complication of porous cells being thus disjiensed with. It was on this prin- 
ciple that the voltaic Ixittery known by the name of \Vollaston's battery was constructed. The 
defects in its mo<le of action, which have been explained in the first part of this paper, suggested 
the employment of either cast or wrought iron as a substitute for copper; tlie rougn surfinoe thus 
presented to the evolving hydrogen favoiu'ing its escajH). Bubsequently Smce substituted {dati- 
nized silver, tliat is, silver on which the black powder of platinum had been previously thrown 
down, thus presenting an infinity of small points to aid the escape of the gas. 

Prolmbly for the circulation of currents of inferior energy, such as are suitable for electro- 
plating, the oi)eration of a Smee may l>e perfect, and no olwtruction occur by the detention of the 
gas ; but when a force nec(>ssary ff)r fusing ])latinum wire is required, the quantity of gas gene- 
rate<l is by no means satisfactorily evolve<l. In fact, the battery, as it were, chokes itself by its 
own exertions; and if three or four successive demands are made upon it in the course of a few 
seconds, its ])ower of igniting jdatinum wire entirely disappears, — nor does it return till the c^ls 
have l>een allow<.>d to rest, and thus set free the hydrogen. 

The battery from which these experimental results were obtained was identical in siie and 
construction with the second-sized Grove before described, which was made similar to this for the 
purpose of ascertaining their comparative merits. 
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The electro-motive force of Smee's battery, ascertained when it was actinf^ nndor the most 
favourable conditions, was, as compare<l witli Orove*s, IIG to 410, and tlie resistance of tlie liQuid 
stratimi of 12 cells = 35; that of a Grove of tlie same size having been found to be 74|. The 
Available enerfi^ of 12 cells of this size = 197 turns. The equation then representing the condi- 
tion under which this principle of battery circulates a force F would be represented by 

3 + 16^ 19^' 

that is, each cell has a command over 16^ turns of standard wire when a force sufficient for fusing 

E 
platinum wire in the galvanometer is required ; and as \ greater force = t^ is necessary for producing 

the same result when in contact with powder, the command would be diminished to about 10 turns 
a cell ; a Grove of the same size commanding about 40 turns a cell ; and a Grove \ the size 
about 30 turns a cell, which shows clearly at what expense (even supposing 8mce's principle 
capable of being trusted for energetic action) we obtain simplicity of arrangement, and dispense 
with the use of a second acid. The size and form of the 8mee with whicli the experiments were 
made are the most convenient if a Smce must )>e used for the explosion of powder, namely, a sur- 
face of metal = 4"x 4" in each coll. And yet three pairs of this are but equal to one of a Grove, 
whose cells are but \ the size. 

As the Smee is superior in every way to the Wollaston and to tlie zinc and iron battery men- 
tioned above, it was of no use to examine tlie respective merits of the two latter forms of voltaic 
apparatus. One form of battery, however, remains to be examined, namely, that of Dalgleish. 
Its principle of action has been before noticed. It consists of an arrangement of 12 platinum cups 
-{ of an in. diameter and 2" deep, over which are suspended, attached to a bar, 12 cylinders of zinc 
j" in diameter. The battery is charged very readily by putting into each cup 4 of an ounc« of nitric 
aoid. At the moment voltaic action is roij[uired, a pressure of tlie hand on tue bar immerses each 
sine in its own cup to a depth of 1| in., and at the same time completes the usual connections, 
causing an immediate and energetic action. The withdrawal of the hand allows the zinc to be 
lamoved from destruction by the elastic bauds. 

The electro-motive foree of this battery as compared with Grove's, using the same nitric acid 
in each, was as 344 to 410, and the resistance of the liquid stratum of 12 colls = 66 turns, or 5} 
tnma a cell. The available energy of 12 cells = 622 turns or 514 a cell. The equation then 

representing the circulation of a force F stood F = , >, - = £=-, » ^rom which it will be seen 

that while this battery is but little inferior to Grove's in electro-motive energy, it has an advan- 
tage over it, in that its liquid stratum opposes much less resistance in proportion to its section, 
tms being due to the absence of Grove's diaphragms. 

Also in looking at the value of L as compared with tr, it seems as if this battery could be 
advantageously reduced in size. The mechanical arrangements of the battery, which are some- 
what complicated, seem crowded even now into as small a space as they can well be put with 
nfety ; and any diminution of cells that could be made woul^ sensibly increase the portability of 
the battery, as the zinc and platinum comprise but a small part of the actual bulk. The small 
resistance of liquid in each cell is partly obtained by the extreme contiguity of the zinc cylinders 
to the inner surface of the platinum cups, the distance being but | of an in., and partly to the 
absence of porous cells. The successive wear and tear of the zinc will tend to increase the value 
of L, and duninish w. The advantages, then, of the Dalgleish princi])le are the simplicity gained 
by the use of onlv one acid, thus dispensing with the necessity for porous cells, and the extreme 
readiness with which it can be charged for action ; it is, however, more complicated than (irove's 
in its mechanical arrangements, which require skilled labour of a higher degree than could gene- 
rally be met with in the field to effect repairs. It is also more liable to be damaged by carelessness 
or accident, as it presents more assailable points. 

The power of each battery, taken in conducting wire of 250 grains a yd., which, for reasons 
preseatly to be given, we have taken as the best conducting medium for general service, would 
enable one charj:^ to be fired very readily at a distance of 250 yds., or in a circuit of 500 ; and if 
the requiremento of a battery were limited to this, we should, where rough handling was not to 
be expected, prefer I>a]gleish'8 battery to Grove's ; but on service we presume far greater circuits 
will occasionally require to be overcome ; if, for instance, a mine has to be exploded at a distance 
of half a mile, about 38 or 40 cells of each would be required to be placed in series, and then 
the arrangement of elastic bands and of the development of electric excitement by pressure of the 
hand becomes somewhat troublesome. The Grove is also more perfect in its chemical action, as 
the hvdrogen set free by the deoomixwition of the water is immediately absorbed by the nitric acid ; 
and tne consequence is that as soon as the circuit is comj»leted we obtain the whole power of the 
battery. In Dalgleish's arrangement the power visibly increases after the immersion of the zincs, 
probably owing in part to the heat occasioned by the intense action of the nitric acid on the zinc. . 
This property of the battery is detrimental to firing a numl>er of charges simultaneously in a cir- 
cuit, and can only be overcome by immersing the zinc cylinders first, and then making connection 
with the poles. These points will present themselves with greater force to any one operating with 
the two batteries than they can be expected to do in any description on paper. 

The actual cost of constructing the two descriptions of batteries will dei>end in a great measure 
on the price of the platinum, which is by far the heaviest item in each. Grove's battery hitherto, 
to save expense, has been made with platinum foil. Ward, however, prefers employing sheet 
platinum, of about 120 to 130 oz. to the superficial ft., for the negative. Whether foil or sheet platinum 
is used makes no apparent difference in the energy of the combination ; but as the former is liable 
to tear, it would in tne end be no economy to use it. 
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The approximate estimate of the coet of 12 cells of each descriptian of OxoTe'a battery, and 
that of Dalgleiah's, is as follows : — 

Platinuin-foU Battery, — } oz. of platinum foil, cells, troughs, zincs, and fittings, 3/. 2«. 8dL 

Sheet'platinHm Battery, — 3*63 oz. platinum, cells, and so on, 71, 2s, 

J)alijleish*8 Battery, — 9*96 oz. platmum, \ oz. pure gold, zincs, castings, and fittinga, 17/. lOf. 

Comparing the two Grove's, though the second is more than twice the cost of the fint, it will 
prove more economical on service, when it is considered that 5/. worth nearly of material out 
of 7/. 2s, worth, is, with ordinary care, absolutely indestructible. Dalgleish's battery camiot ooil 
less than 17/. lOs, for 12 cells, tno arrangements requiring also more than ordinary skilled labour 
to complete. Assuming, then, the Grove's sheet-platinum battery to be on the whole more ooono- 
mical, its cost a cell, as compared with Dalgleish's, is about 1 to 2^ The cubical space whidi they 
respectively occupy is as follows : — 

12 celL) of Grove's (in two box batteries) = 14" x 4" x 4" ==224 inches. 
„ Dalgleish's = llf x 4" x 7^" = 845 „ 

Their comparative weights when empty are, Grove's 8 lbs., Dalgleish's 10^ lbs. ; the latter, hov- 
ever, would not require two-thirds of the weight of acid to be carried with it on service, and that 
only of one description ; and though these differences may appear insignificant, they will not sean 
so when the quantity of available energy required in the fiela comes to be considered. 

Assuming, as a basis of comparison, that it would be desirable to have always a power avail- 
able for firing one charge at the distance of half a mile, through the conducting medium and with 
the bursting charge which has been selected ; and also that the same number of spare cells slKmld 
be kept at hand to replace those fractured or undergoing repair ; the following statomenta wfll 
show the approximate cost, weight, bulk, and other particulars in each case : — 

Grove's. DALOLKua'a 

Cost of construction of batteries .. 51/. .. .. 110/. 

Weight of batteries 54 lbs 70 lbs. 

Bulk of „ 1400 cub. in 2300 cub. in. 

We call attention to the extreme ingenuity displayed in the arrangements adopted by Dalgkiih, 
to carry out his principle /or producing voltaic action, as, for example, in the ready method of 
withdrawing the zinc cylinders from the attack of a most destructive acid, and in the pkoi 
of making the connection of the several cells, which is most orig^inal, and cannot be done jnitioe 
to by any description. He combines metals and acids, so as to produce a high degree of voltaio 
energy by a mode that may be considered perfect ; and though, on the whole, his Mttery, as mibH^ 
mitted, is not so perfect in its voltaic action as Grove's, is more sensible to rough usage, and fSor 
these as well as tlie other reasons stated, not so applicable to operations in the field, yet it to 
surpasses the batteries of every other principle, as to entitle the inventor to special thanks for the 
successful application of a principle which it has never before been considered possible to torn to 
account. 

To close the inquiry into the motive power, the following, as far as experiments made with 
some haste tend to prove, are the comparative electro-motive forces of the several principles Waid 
examined: — 

Grove, 410; Daniell, 235; Smee, 116; McGallan, 410; Dalgleiah, 344. 

The zinc, iron, and nitric-cuiid battery is that intended by McCallan's. 
Or, if we take £ to represent the absolute electro-motive energy of Smee's, 

3*54 E = Grove's; 2 E = DanieU's ; 3*54 £ = McCallan's; 2*98 £ = Dalgleish's. 

£ 

Now, the mechanical equivalent for producing fusion in Smee's was found to bo , from 

19j 

which the several expressions for the other batteries may be deduced. 

Comlucting Wires. — With respect to the conducting wires, two factors are concerned in the 
power of resistance of any one length to the cireulation of the current, namely, the metal of which 
it is composed, and the area of the section ; the resistance varying directly as the speciflo resist* 
a^ce of the metal, and inversely as the sectional area. 

Copper, it has long since been decided, is the metal whose specific resistance, where economy 
is taken into account, is the least ; and it only remained to decide the area of the section, or the 
diameter of wire to be used. 

Now, considering that by increasing the number of plates in series we are able to overoome any 
amount of resistance, it is as well to reduce the diameter of the conducting medium till the Talne 
of the copper wire destroyed (some portion must always be expended in an explosion) is reduced 
to a comparatively insignificant quantity, that is to say, such as would about balance the destruc- 
tion of zinc and consumption of acid necessary to overoome tho resistance consequent on a still 
further diminution. 

The Gutta-percha Company supplied copper wire covered with gutta-percha, at prices fiom 
9/. to 21/. a mile, the difl'erence being due solely to the greater or less quantity of gutta-percha 
covering, and not at all to the weight of copper furnished. The thickest of these averaged about 
250 grains a yard, the smallest about 160 grains. As the former was, of course, the snperior 
conductor, was equally portable, and of no greater expense than the smaller size, it may be the 
best size for a conducting medium. It is about ^^y of an in. diameter. 

This sized wire when covered with gutta-percna is very flexible, and can be easily coiled on a 
reel ; two miles in length would easily pack in a cubic yaid : its conducting power rofighly stated 
is such that 14 yd. of it would be erjuivalent in resistance to one turn of the rheostat wire, and 
making this allowance, the measures before stated can be easily reduced to corresponding lengths 
iu this wire. 
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The degree of covering required to ensure perfect action depends on the nature of the ex- 
plosion required ; if an explosion is to be made under water, when only one wire is re([uired for 
completing the circuit, tlic most perfect covering is desirable, and the cost of the wire so covered 
would be 21/. a mile ; but for any explosion on land, whore a return wire is always necessary, that 
■old at 9/., 10/., and 11/. a mile is sulKciently isolated, especially if the wires lesiding to the mine 
are not buried under the ground, or, if buried, kept as far apart as i)ossiblc. In no case would we 
recommend lap])ing the wires, leading to and returning from the mine, side by side, as has 
hitherto generally oeen done, for whatever advantage the practice may possess, the chances of 
failure in consequence are many. If, for instance, in burying it the spade by chance should lay 
bare the surface of one, it would probably also do the same with the other wire ; or, again, if 
from extraordinary heat the gutta-percha should get soft, which it will do at a temperature 
of about 160° Fahr., a twist in the rope may bring the two wires together, and the covering 
afterwards hardening would prevent their separation; and, above all, if a fracture shojild take 
place it would be very difficult to find on which wire and whereabouts it had occurred. 

Gutta-percha is the best covering for the conducting medium, as it is the only means by which 
perfect isolation can be obtained under every circumstance. 

Bunting Charges, — There are two descriptions of bursting charges before the scientific world, 
one of which has been long in use, and in which a thin platinimi wire, forming i^art of the circuit, 
is brought to such a heat as to ignite the surrounding powder; and another, the invention of 
Mr. Brunton. The company with whom this gentleman was connected had been in the habit 
of what is familiarly called vulcanizing the gutta-percha which covered the wire, to render 
it pliable even in the coldest temperature, and this led to the discovery of the fuze in question. 
By the vulcanizing process, sulphur and carbon become incorporated with the gutta-percha in a 
manner, ao to speak, almost chemically perfect. These two act on the enclosed copper wire, and 
in process of time produce on its surface a species of sulphide, portions of which, when the wire is 
withdrawn, remain adhering to the inner surface of the ^ttarpercha covering. This inner 
mirfiMse, which before was simply gnitta-percha, and therefore a non-conductor, has now a feeble 
power of conduction given to it by means of the minute particles of sulphide of copper and carbon. 
The conducting power is however very feeble, and seemingly in no two portions the same ; but 
whatever the amount of resistance may be, if it can be overcome sufficiently to circulate such a 
Ibroe as wiU ignite the sulphur and carbon, the desired effect is obtained. 

That the degree of heat, or what is generally termed quantity, required for this need not bo 
anything approaching to that for fusing a platinum wire, may be easily conceived, if we compare 
platinum, which no amount of heat from a smith's forge will melt, and the elements sulphur and 
oarboD, which are combustible at moderate temperatures ; yet that the degree of resistance they 
offer to the passage of the current must be great, may be judged, when it is stated thaf 48 cells, 
and even more sometimes, of Grove*s reduced batterv are required to inflame them close to the 
battery. These same 48 cells would explode a mine, by means of the platinum fuze, at a distance 
of I of a mile very readily. 

In order, however, to cause any sensible current to pass through these sulphides, it is necessary 
to dose all other channels of coumiunication, that is, to break the circuit of the copper wires ; 
then, with a sufficiency of power to overcome the resistance, a combustion with powder in contact 
will produce the desired explosion ; and on this principle the bursting charge is made, a part of 
the cooper circuit being broken and the sulphuret surrounding that part being laid bare and 
covered with powder. 

Here, then, we have two modes of igniting powder at a distance, namely, by the fusion of 
platinum wire, and by tlie combustion of a compound which seemingly is a sulphuret of carbon 
and copper ; in the former, the mediimi being metallic, and, therefore, a good conductor, requires 
at the same time a high degree of heat to fuse it; while in the latter, the sulphide, though 
opposing a very great resistance to the flow of the current, ignites even when a considerably less 
quantity is actually passing. 

Now, bearing this in mind, and also Ohm's theory or law regulating the circulation of divided 
currents, namely, that the (juontity flowing by each of two or more i)ortions simultaneously is in 
the inverse ratio of the resistance of each, the following characteristics of these two descriptions 
of burstuig charges, which have been practically ascertained, will be easily understood : — 

1. To nro a platinum bursting charge, a return wire, where water cannot be made available, is 
always necessary, for Ward found that the resistance of \ of an in. thickness of ordinarily moist 
earth substituted for it could not be ofvcrcome by 48 pairs of Grove's, which would fire the same 
charge at the distance of f of a mile, or through a circuit of 1^ mile of copper wire of No. 14 
gauge ; and this sliows that the substitution of earth for metallic wire increases the resistance so 
much as to diminish the quantity circulating to such an extent that the necessary heating effect 
is not produced. 

2. Whatever number of cells — roughly speaking, for of course it cannot be accurately true — it is 
found necessary to arrange in series to produce ignition in Brunton's fuze at the distance of 1 ft. 
wiU produce the same effect through a copi)er-wire circuit of 1 mile ; and an addition of about 
cme-foorth that number will permit of one-half this cepj)er circuit being re])laced by« ordinarily 
moist earth. 

These two results show that the absolute resistance of this fuze is so great that the addition of 

a mile of copper wire or a large quantity of eurth effects no material diminution in the quantity 

actually circulating ; that is, if £ = the electro-motive force, r the resistance of the fuze, and K 

E E 

that of the sum of all the other resistances in the circuit, then — is very nearly = — — rj- . 

r r + K 

8. The same number of cells in series of a battery furnished by the Gutta-percha Works Company, 

that would ignite Brunton's fuze at the distance of 1 mile, did not produce any visible heat in the 

platmnm wire of the other bursting charges at the distance of 1 ft. ; and this will be easily under- 
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stood from what has been said before, for if, by inoreasiBg the rorirtinoe of tin 

E 
we make F = -=- represent a force generated by one plate, which is not capable of heatiiig 

n E 
platinum wire, any number of such cells in series will not heat that wire, as F = — s^ZL — ^"""^ 

. E E 

be less than -y- • At the same time if the force required to circulate be less than F = -=- 

or = F', and L remain constant, the combination of cells in series will have the effect of diminidiing 
tr, and ultimately of producing the required force F'. 

From this we also learn that the force required to circulate for the ignition of Bnmton'i foe 
is considerably less than tliat for the platinum bursting charge, and this is still more apparent when 
we find, as we do, that it does not produce any sensible heat in the platinum wire, muen leas fuse it 

The battery that gave these results was one that was supplied by the Gutta-percha CompsDj 

as the best then known for igniting these fuzes. It was a common zinc and copper arrangannit, 

each pair 4" x i'\ and each compartment filled up with sand moistened with acid. ^ 100 plates 

were required to ignite a fuze with certainty, and even 300 would not produce a sensible heat on 

platinum wire ; and tliis is due to the amount of resifitanoe offered by tne intervening stratom, la 

this case composed of sand and dilute acid : but as sand is no conductor, the only reason for iti 

use is that it enables the batteries to be carried about without spiUing the acid. The aTe^^p 

resistance of the stratum of sand, supposing it to have been entirely moistened by dilute sod, 

when a force F was circulating, was found = about 12*8 turns at the distance at which the platei 

stood, and the available force a cell = 0*7 turns, making the equation representing its aetiaa 

E E 

F = = . By the employment of sand, certainly not one-fourth the quantity of 

lZ*o*T*o'7 ISJ'O 

liquid can be used, conseouently the resistance L must be increased at least fourfold, or = 51*2i^ 
which renders it impossible that the force, which we have called F, can circulate in anjr sndi 
arrangement. Tlie use of sand also prevents the evolution of the hyarogen, and so reacts m con- 
trolling the electro-motive force. These figures, however, are not given as strictly correct.^ 

4. It is easy, then, to see tliat the diameter and description of metallic conducting medium for 
the platinum cliarge are matters of material consequence, and its standard resistance should in all 
cases be known ; but with Brunton^s fuze it is of no consideration to know it, and in this respect 
Brunton^s fuze presents singular advantages. 

5. The isolation of tlie conducting medium to Brunton*s fuze must be absolutely perfect^ whether 
the explosion is to take place on land or in water ; with the platinum-wire charge it need not be 
so in cither. The abrasion of the covering may be so small as hardly to be discovered by the eye, 
and vet it will be sufficient, if in contact w^ith the earth, to cut off the circuit almost entirely from 
the bursting cliarge. From Ohm's law for divided circuits this is easily accounted for. The 
resistance of the fuze being by far the most considerable one in the whole circuit, any way by 
wliich the current can return to the battery, without passing through the charge, will be taken 
advantage of for that purpose, by just so much the greater portion of the galvanic excitement 
generated. 

"VVlicn we consider the chances of a covering like gutta-percha — and this is the only covering 
that is known, which can be employed in practice, and at the same time pve perfect isolation — 
being cut by a fiint or by a workman's spade while being buried, and know that however minute 
the cut no |K)wer of battery will be able to overcome the obstacle it forms, or make up for the loss 
of fluid it occasions, the necessity for adopting some efficacious protection over the gutta-percha, 
before the mode of iiring by Bruuton's fuze can be successfully applied in military operatidiis, will 
be admitted. 

That this perfect isolation is not necessary for the platinum-wire fuze is well known, as, even 
in water, the loss occasioned by a bare wire can be overcome by extra power of battery. The 
reason is obvious ; the resistance in the bursting charge is metallic, and consequently much less 
than a liquid resistance. The conducting power of iron, which is certainly not superior to that of 
platiniun, is estimated to be to that of water as 400,000,000 to 1, and, therefore, even supposing 
the proimrtion of copper surface exposed, on the wire leading to and returning from the pLatinam 
bursting charges, to be in this proportion to the area of platinum wire, if their surfisoes were 
brought to within a distance of | of an in. of each other, which they never would be in practice, 
only one-half the quantity of the electric fluid would be cut off from the bursting charge ; and if 
to the distance of 1 ft. apart, not -^^ part of the force would be arrested in its passage through the 
platinum wire. As anything approaching this amount of abrasion can never occur, with ordinary 
care, in practice, no fear of a failure from a diversion of the currents need be entertained. 

The wire leading to the bursting charge having been attached to the two ends of the secondary 
coil, a few plates of a Grove's battery circulated a sufficient current through the primary wires. 
The usual contrivance of a temporary magnet, for making a breaking contact, was employed for 
obtaining intermittent sparks in the fuze. 

With this helix, and four plates of Grove's battery 4" x 4", it was easy to explode a bursting 
charge at the distance of 1300 yds. from the operator, the return circuit being made through the earth. 
It was but necessary to leave one of tlie wires of the bursting charge in contact with the earth, the 
other being attached to the wire leading to the voltaic arrangement, with which it vras connected. 
A wire from tlie other end of the secondary coil led to the earth, which, if touched, was snalBGient 
to explode the charge. There is no doubt that this helix arrangement greatly simplifies the 
apparatus required for the explosion of these charges, for without it about 120 cells are required 
to produce witli certainty the same explosion. The fact that a return wire for completing the 
circuit may be dispensed with is a great recommendation for the adoption of this fuze ; though at 
the same time it must be remembered that perfectly dry earth will resist the flow of any current. 
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In a bucket full of dried sand Ward pnt two plates of copper, 1 ft. scjnaro, at a distance of 1 in. 
apart, and the whole power ho could apply could not overcome the resistance interposed. 

With respect to firing a number of charges simultaneously with each of these fuzes, the 
platinum charge, as may be supposed, has the advantage, for on account of the great resistance 
added to the circuit, where a second g^utta-pcmha fuze is introduced, the force before circulating 
is materially diminished, and can only bo brouglit up to the original strength by a great addition 
of power. ^ The practice Ward had with this fuze was not sufficiently extensive to give him confi- 
dence in its application to simultaneous firing ; but, to state what has been done, 120 plates of the 
Mind battery before mentioned, or 10 batteries of 12 each, fired one charge well through a circuit 
of five miles of copper conducting medium, about No. IC gauge ; 96 did the same feebly ; 72 could 
not fire it: 216 plates were required, rouglily speaking, to fire two placed in the same circuit; 
216 fired three in a circuit of one mile ; 360 fired six ; and 480 fired eiglit in the same circuit. 

These experiments were made in Brunton's presence, the wires being under water in the 
canal basin ; but it sliould be remembered that the whole of tlie circuit was not metallic, a few 
yards of the return portion being through earth and water, which however, when compared with 
the great extent of wire, may be considered to have no sensible influence on the result. From 
them it will be seen that these fuzes are capable of being exploded simultaneously wlien placed 
in a circuit ; but it requires more practice to determine if they can be so trusted, and it is api>arent 
that each additional one reiiuiros a large addition of cells. With the platinum-wire fuze, an 
addition of two plates for every charge inserted is all that is necessary to establish the circulation 
of the required force. Tlie platinum charge possesses a great advantage over the gutta-percha 
fnse, in that its resistance being metallic is uniform, while that of the gutta-percha depends upon 
the degree of action that has taken place on the copper wire, and esi)ecially on the extent of 
■nlphuret circuit ; for its resistance is so great that an additional lengtti of one-eighth of an inch 
eanses a great diminution of force in circulation. This last circumstance, combined with the 
degree of action that has taken place, tend to make the resistance so variable, that sometimes 
12 plates have been able to ignite a fuze : it is not safe to apply less tlinn 100 plates of the sand 
battery. With the platinum charge two plates are always sufticient to overcome the resistance. 
The gutta-percha fuzes are also liable to deteriorate by exposure to the air, sulphate of copper 
forming where the sulphides were^ and the fuze losing in consetiuence its inflammable properties. 
8eTeraI modes have been tried of making these fuzes; some requiring six months to mature, 
•nd others only half an hour ; but the respective sorts seemingly present this property, that the 
aooner they come to maturity the easier they deteriorate. Both descriptions of fuze have their 
peculiar aavantages. The one may be issued ready made, as an article of store, and the other 
inmld sometimes turn to account in an emergency in the field, when the store supply had been 
exhausted. In fact, the range of inquiry with respect to this description of fuze is very extensive, 
and well worthy of pursuit. It may, be apprehended that such enormous distances will not be 
neoesMury in the field : as tht* cost of the return metallic circuit can be made up by a less expendi- 
ture of gutta-percha in procuring isolation ; as the resistance of any wire employed can be ascer- 
tained with sufficient accuracy and hardly any labour in a few minutes ; and, as we shall show, the 
power required for any proposed explosions, simultaneous or otherwise, can be calculated with far 
more corrc-ctness and confidence than, with respect to the gutta-percha fuze, it is as yet possible 
to do; and, above all, as the casualties that ordinarily attend the laying out and burying of the 
conducting medium will have no sensible effect on the platinum fuze, while they have a most 
important one on the other, it seems right to conclude that, as far as our experience goes, the 
platinum fuze possesses greater recommendations for use in military engineering. 

Having thus decided on the most suitable battery, conducting medium, and bursting charge, it 
remains yet to point out the rule for calculating the niunber of cells necessary for exploding any 
arrangement of charges with them, and at any distances tliat may be reiiuired. The length of 
the juatinum wire of tlie bursting charge will, of course, influence the resistance of that part 
of the circuit. From practice, it has been found that a wire I of an in. long gives sufficient heat, 
with the least expenditure of power; and it therefore seems desirable to use that length, as it is as 
wdl to adopt some one length, whatever it may be. A length of | of an in., weighing 1 '65 grain 
a yard, oflfers a resistance of nearly 61 turns of standard wire, which is equivalent to about 90 yds. 
of the selected copper conducting medium, weighing 250 grains a yard ; and any extra lei^h 
employed must be allowed for in tlie same ratio. 

Kefening back to the equations representing the working of the reduced Grove's battery, it 

will be eeen that F = -r^ is assumed as the mechanical expression representing that each cell of 

46 

the battery, in fair working order, may be subjected to a controlling resistance equal to 46 turns 
of itandard wire, and yet wiU fuse the platinimi wire in the midst of powder; and that •^-- 

xepreeents the conditions of fusion when no powder surrounds the wire ; but as it is the rule for 

E 
the explosion of powder which we have now to consider, the expression — most concerns us, and 

this expression for the power in strong action, that is, during the first two or three hours, is 

E 
zepresented by where 14J is the average liquid resistance a cell, and 31| is the energy 

14f -f" ol^ 

aYaUable for overcoming the metallic resistance. 

Bonghly speaking, I^ yd. of the established conducting medium of 250 grains a yard is 

equivalent in resistance to one turn of the rlicostat, therefore the available energy to a c«ll would 

be equal to about 46 yds. of the conducting medium ; and the resistance of a platinum wire ^ of 

an in. long, and 1*65 grain a yard, being 60 turns, would be otiual to, say, 100 yds. of the wire. 

Far firing a mine at any distance when the battery is in gooa work, we have then this simple 
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rule : — Take the whole circuit in yards, including distanco up and down shafte, add to it 100 yds. 
for every charge in the circuit, and divide by 4G for the number of cells. This is the ni]« that 
theory points out ; it will not be advisable to draw it so fine in practice, but our object at pretoii 
is to show the principle which regulates the calculation. 

E £i 

Again, when the battery has been six hours in action, — - and -— rr- are shown to be fhi 

42 oo^ 

mechanical expressions representing the resistance which each cell has the power of briiiffiag 

under control whilst circulating a force suflicient to fuse the wire in and out of powder. TaSing 

— - , which concerns us most at this moment, we find by referring back that 23 of the 42 tmni an 

consumed by the liiiuid resistance of each cell, and only 19 a cell are left to oyeroome ™<^tlui 

E E 

resistance, in fact - - being = — - . These 19, expressed in turns of the establuhed ccm- 

ducting medium, = 28| yds. a cell. Having now therefore but 28^ yds. of available energy a odl, 
instead of 4(j, the rule for calculating explosion must be modified as follows : — Take the wholt 
circuit as before in yards, add to it 100 yds. for every charge placed in the circuit, and divide bj 
28^ for the number of cells, and it will l>e seen that these two rules give widely different ranilti; 
as, for instance, if a mine were required to be fired at a distance of half a mile, the former would 
give 41 cells and the latter GO cells as recjuisite. 

If at any time an economical use of cells is of consequence, it is desirable to have a rendy 
mode of ascertaining what condition the battery is in ; for it matters not what that may be^ 
provided we can ascertain it, and apply the proper rule. Fortunately there is a Tery ready mode 
of ascertaining with su£Bcieut exactness the power of any arrangement of cells in series at any 
moment, and of determining the number of cells necessary at any period between the first charging 

£ 

and six hours after. We have, for instance, seen that when the battery is in good action -^-- is 

the force necessary for firing one platinum wire placed in the galvanometer, that double this roioo 

E E 

or - will be required to fuse two side by side ; similarly, a force represented by ^^ is required 

E E E 

for firing three, -^ for four, --—- for five, for six wires, and so on ; these results all depending 

17 I*'} 1 a 

on the figure 68^ which at this period represents the electro-motive energy of the battery in tons 

of standard wire. 

Whatever may be the number of wires that can be fused side by side, the resistance of the 

liquid stratum cannot be affected by it; and while the electro-motive force a cell reniabis at 68^, 

the fact of being able to fuse any number of wires side by side shows that the. resistance oi the 

liquid stratum cannot be so much as the denominator of tlie fraction representing the foroe 

re(j[uired for such fusion. For instance, if five wires can be fused side by side, the resistance 

E 
of the liquid cannot = 13 1, for if it did, the force would be exactly balanced by the resiat- 

ance, and could not circulate ; if six, it cannot equal 11^. Having thus ascertained that five wirea 

E 

can be fused, and not six, it would be quite safe to call L = 13}, and as — represents the foroe 

necessary for fusion in powder, it is perfectly certain that at that moment the available energy 
a cell for an explosion, in turns of standard wire, cannot be less than 40 — 13} = 324 turns = 
48 yds. of selected medium. Similarly, if but four wires can be fused, it will be perfectly safe to 
allow 44 yds. of selected medium a cell ; or if but three, 35 yds. a cell, the resistance of the liquid 
at this period a])proaching 23 turns. 

At the end of the day of six hours it has been seen that the electro-motive force has fallen in 
the proportion of 68^ to 03. And the available energy a cell will be reduced as follows: if four 
wires fuse and not five, to 39 yds. ; and further, if three wires fuse and not four, to 32 yds. ; and 
it would not be possible to fuse five wires, with electric energy at 03, at any intervening period, 
but an allowance of 1^ per cent, an hour for the diminution of the electro-motive force wul give 
the available energy a cell at that time. 

This detail has been given to show the principle of the rule and its amount of accuracy, but in 
practice the whole may be combined into this simple one. Previous to firing a mine, when all 
the plates are arranged and connected, insert five wires in the slits of the galvanometer, and place 
the whole series on to fuse it. In all cases it is desirable to put on the tcfiole nmnber of cells yoa 
intend ap])Iyiug to the explosion rei^uircd, as by this means you obtain a practical proof of what 
that combination, with all the errors the manipulator may have committed in arranging the 
battery, is able to perform ; and you must take care not to twtch t/te connection of the battery after 
you are satisfied as to the power it presents for your use. If a fusion takes place, allow 44 yds. of 
circuit for every cell ; and if the number of cells employed do by calculation cover the range, 
reckoning the charge as 100 yds., you may feel confident in the explosion taking place as soon as 
the connection is made — if there are not suflicient cells, add one for every 44 yds. over. If only 
four wires fuse, allow 39 yds. a cell ; if only three, 32 yds. 

The trial should be made with all the cells that it is proposed to use, and if any are subse- 
quently added it should be rei)eated; for the more cells tJiere are in combination, the more 
accurate is the result. The advantage of the trial is that the result immediately points out any 
mistake that has been made in charging the cells, or in arranging them, and also if that mistake 
is of any material consequence ; and it may be assumed that the same series of this size of plates 
that will fuse five wires side by side, will as siu'ely command a circuit of 44 yds. for every cdL 
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It is customary previouB to an explosion to test the wire circuit by a galvanometer needle, to 
ascertain if the circuit is entire ; but it seems to me equally necessary to test the power of the 
battery. The test explained does not require two minutes to apply, and infallibly points out 
the available force at that moment. 

As the diameter of the conducting medium is of great importance, as well as its specific resist- 
ance, it is fortunate that the rheostat, by a mode essentially practical, enables us readily to 
determine the absolute conducting power of any diameter or description of wire. The mode of 
doing this has been explained before, and need not now be repeated ; it will be sufficient to say 
that the probable error of a single observation with Grove's batterv does not exceed 1^ per cent, 
(for which an allowance can always be made on the safe side), and that any one accustomed to 
use the instrument could in an hour ascertain the resistance of any platinum wire that may be 
obtained on the spot, or of two or three miles of conducting medium, as well as every particular 
concerning the battery, so as to be able to apply them with certainty to explode any arrangement 
of charges that may be desired. 

However, it is essential that every portion of conducting wire issued on service should be proved 
first. Let there be one description of wire kept at the depot, which should weigh, for the sake of 
accuracy, somewhere near 250 grains a yd., and be covered with gutta-percha ; but beyond that 
no precaution is necessary, nor is it essential to know the precise diameter or weight of it. A 
rheostat rated^ so to speak, from this standard should be supplied to each branch depot or head- 
quarters, and batteries and wires similarly rAted should be also furnished in quantities sufficient 
to meet the probable requirements. 

Thus if any portion of the supplies for voltaic purposes should fall short, if the expenditure of 
all the platinum wire should renaer it requisite to employ fine iron wire, if it should be necessary 
to use a different conducting medium in the place of the established one, or a different battery of 
different acids, or, in fact, if any alteration should be rendered imperative from local ciroumstences, 
we shall have a ready mode of calculating the allowance to be made in consequence of the sub- 
stitutions ; and, above all, we shall have the power of comparing practice in different parte of the 
world, and of estimating accurately the merite of any new combinations, by a report of the experi- 
mente of half a day. 

The task of perfecting the deteils of these arrangemente must necessarily devolve on those who 
may be directed to continue this inquiry, as the operator merely touches on the advanteges that 
may be atteined through careful attention. 

Simultaneous Firing. — It may be necessary to say a few words on the simulteneous firing of a 

number of charges or mines by one battery, and point how theory guides us to a just conclusion as 

to the number of plates necessary for any number under any arrangement. Reasoning, then, from 

the lesulto obteined from Grove's battery, we have found, 

E 
1st. That a force represented by — is required to circulate, in order to produce an explosion 

of one bursting charge made with platinum wire } of an in. long, and weighing about 1 '65 grain 

per yd. 

2nd. It is also admitted that when any force circulates in the manner that a volteic electric 

force doea, the quantity passing at any one time in all parte of the circuit is the same, but that the 

heat developed at particular parte depends on the quality of the metel, ite diameter, and conducti- 

bility. If, then, we place in the circuit any number of short platinum wires, identical in weight 

E 
and length, and cause a force —7 to circulate through it, we are led to expect that they will all 

46 

fuse at the same instent, and if they do so, the explosion will also be simulteneous. Now, in order 
to cause sucSi a force to circulate, it is only necessary that cells should be added capable of over- 
coming the resistance added by introducing each charge, or cells equivalent to 90 yds. of selected 
conducting medium ; that is, when the battery is strong, two cells a charge, and at other times 
three cells a charge. This tlieory, if practically applicable, is productive of great economy both 
in ceUs and wire ; for supposing twelve charges to be exploded simultencously at the distenco of 
one-seventh of a mile, or m a circuit of half a mile, by the rule before given, when the battery is in 
strong condition 44 cells would do the work easily with an expenditure of but half a mile of con- 
ducting medium ; whereas if each had to be fired by a separate battery, we should require 22 cells 
and half a mile of wire for each charge, making in all six miles of wires and 264 cells. 

At the close of the latter day Ward arranged twenty charges in a circuit of 800 yds., and 
endeavoured to fire them by 48 of Grove's small cells, when only fifteen exploded. Twenty charges, 
it will be seen by the rule given, were more than the battery of 48 cells could bear ; for, allowing 
one cell for each 46 yds. of circuit (17), and two for every charge (2 x 20), would give 57 cells as 
necessary: but, as he had not that number, 48 

were tried, and failed. In practice it is always ** 

best to be on the safe side of the rule, and even 
to add a dozen cells to the estimated quantity to 
make sure. 

Such is the imperfect practice which Ward 
had with the smaller description of platinum wire 
in the bursting charge. We will presently sketeh 
out the rules for guidance in making future trials ; 
but we first notice the following mode of simul- 
taneous firing, which has been before greatly re- 
eommended for ite safety. 

Buppodng B, Fig. 1158, to be the battery, and C, G, G, G. G., five mines to be fired. At a oon- 
Tenient dlstuice from B two mercury cups M M, should be placed, a wire from each mine leading 
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to each cap, and a pair of wires from the cups to the battery. This mode of armngement has the 
advantage of connecting each mine directly with the battery, and making its explosion independent 
of any error that may have occurred in any of the other mines. So far it has great advantigM, 
and we also save five pairs of wires, which would have been required to cover the ^re distanoes, 
B Oi, B 0,, &o., and it only remains to determine, by reference to the preceding investigatioo, what 
power of bftttery is necessary to explode the five simultaneously. 

As it is evident that the battery B must, when the distances Gj M, CLM,, &c., are all equal, 
circulate the same amount of force through each of the bursting charges 0, CL C, G4 C,, and as each 
platinum wire must be brought to a state of fusion in surrounding powder, ue force to fnse all, or 

£ 

that flowing along B M and M, B, must be five times that for fusing one. Now — in standaid 

measure is assumed as a representation of the force for fusing one wire in powder, th«refore -^x, or 

E 
say — , will be that required for fusing all. With the reduced Grove arranged in Beriea no nimi- 

•/ 

ber of cells could circulate this force ; because, as before stated, the liquid resistance is more tiiaa 
9, or = m ; and it then follows that, unless wo can reduce this resistance L, we oaimot, with the 
Grove in (question, explode these five charges simultaneously. 

There is, however, the following ready mode of reducing the amount of this resistance. Imagine 
a current of electricity flowing through a circuit of wire B G D, the parts of which B G, D, and 
D B, Fig. 1159, being identical in all respects, will oppose an equal resistance for equal portions to 
the circulation of the current. Now let the portion G D be increased to double the size, or, what is 
the same thing, along that portion of the circuit let another wire identical with G D be pboed, 
carrying the electric fluid from G to D concurrently with G D, and the effect will be that the resist- 
ance of the length G D of the circuit will be reduced to one-half, or, if a third wire be added, it 
will be reduced to one-third, and so on. 

1159. 1160. 

iC 

! Id 




Now, altering this disposition of the circuit, let us imagine one battery B, Fig. 1160, say of 12 
cells, circulating a current B G D as before, having another, identical in all respects, placed along- 
side of it, the two zincs being connected, as also the two platinums, and the current circulating m 
the direction Z P D G. Banishing for a moment from the mind the idea that the electricity is 
being generated there, which circumstance cannot affect the reasoning, it will be seen that if the 
resistance of 12 cells before was 12 L, the resistance by this new arrangement of this part of the 
circuit has been reduced to 6 L ; or imagining the two batteries B and B, each of 12 cells, to be now 
one battery, the resistance of the 12 cells of this new machine is now but one-half of what it was 
in the old one ; and if a third battery was put alongside, the resistance of the combination would 
be 4 L, and so on. We can therefore make a battery, without any more trouble than that of altering 
the modes of connection^ which shall give a resistance of liquid of any degree we please; and there- 
fore we can cireulate voith economy any amount of force, or in fact form a battery snifeal^e fw any 
purpose. 

E 

In the case we have taken, we require to cireulate an amount of force expressed by — in stan- 

dard measure, where R = L + 1^ = 9. The most economical mode, theoretically speaking, to cir- 
culate this is to make a battery in which L = 4|, leaving 4| of standard measure for each ocdl*s 
available energy; but, on practical considerations before noticed, L should be somewhat less 
than tr. 

The resistance of each cell of the Grove battery adoped has been shown to be about 144. Now, 

14*5 
flve batteries arranged abreast will reduce this to — =— , say 8, leaving 9—3=6 tuma = 9 yds. 

o 

of adopted conducting medium as the available energy a cell ; and if in the case before ns we sup- 
pose the distance MB to be one quarter of a mile = 440 yds., and the distances M G|, M G^ vdA. 
so on, each = 100 yds., the mode of calculating the number of cells to produce instantaneous explo- 
sion of these five thus arranged would be : circuit M G, M, including platinum fuze = 200 -h 90, 

290 
then the resistance of five concurrently would be -^ = 58 ; to this add 440 x 2 (= 880X 

o 

giving 938, and dividing by 9 yds., the available energy a cell, will give 104 cells for the number 

in combination five deep in series, or 104 x 5 = 520 cells in all. 

Now, by the other mode of simultaneous firing, a much less number of cells will be neoessaiy : 
any one of these charges could have been fired by an arrangement of 30 cells with ease, and as 
many more introduced into the circuit at the rate of two or at most three additional cells for each 
charge. 

The reason for this immense difference in the number of cells necessary in the two modes is 
that, in the case where all the platinum ^ires are placed in one cireuit, it is not necessary to 
increase the amount of circulating force, because the quantity flowing through one charge helps 
to raise the heat^ of all ;^ but in the latter arrangement it is necessary to supply heat suffioient 
to melt five platinum wires, of one thickness, simultaneously; and as they shart the eleotrio 



BORING AND BLASTING. 



559 



onirent established betwefn thenij five times the amount of force is necessary. If, then, an equation 
= F represents a battery in which li + to are economically arranged to produce a force F, 



L + «o 



then 



E L 

= 5 F represents a disposition for fusing five such wires. Now — it has been shown 

to o 



5+5 



v> 



can only be produced by placing five cells abreast, and as — , representing the available energy of a 

cell, is only one-fifth of what it was before, it requires that five times as many should be arranged 

in series, end on, to overcome an^ given resistance. 

These are the only two principles of firing simultaneously that are practised, for the following 

arrangement is but a modification of the second mode, as will be apparent, and the same mode of 

calculation applies to it. We have, by the second arrangement, a mode of exploding any number 

of charges simultaneously, and from the arrangement itself it is evident that a failure cannot 

take place, for each charge will be quite independent of the others. At the same time it is very 

doubtful if any economy is secured by this arrangement. Supposing B M Oj, in Fig. 1158, to be 

540 
540 yds. as before, -^r^ + 2 gives 26 cells as quite sufficient for exploding that one mine, and 

23 

. therefore 26 x 5 = 130 cells would be enough to explode all five simultaneously, if each charge 

had a pair of wires leading to B. Now, to economize four pairs of wires along M B, or to save the 

trouble of laying out two miles of wire, we are obliged to employ 520 — 150 = 370 extra cells; 

and it becomes a matter for consideration whether the extra expenditure of trouble and acid, at 

the source of supply, does not more than counterbalance the laoour of arranging the wires. In 

fact, the first principle of simultaneous firing, namely, that of placing all charges in one circuit, is 

the only economical mode, and that it requires but a knowledge of the principles which we have 

endeavoured to make clear, without any finessing in practical details, to ensure success with it on 

every occasion. The great cause of failures in simultaneous explosion has been the want of 

sufficient power ; and if any one will take the trouble to examine, on the principle of Ohm's 

theory, the statistics of recorded failures, they will see that they all thus occurred from a manifest 

want of power ; so that instead of disappointment at their want of success, they will wonder how 

they ever succeeded. 

It has generally been the habit, as a matter of precaution, to solder two wires side by side in a 

bursting charge, in case one should break ; would any one unacquainted with Ohm's theory 

imagine that if a battery, economically constructed for fusing one wire, were used to fuse two side 

by side, it would not be able to produce even visible heat in either of the two, or, in fact, that it 

would require four times as many cells (arranged as explained before) to fuse these two wires ? 

yet sometimes three or four have been so placed. Occasionally two charges are placed thus, 

C, 0^ Fig. 1161, in one powder-box, each (Cj and C,) having two platinimi wires. If a battery 

were economically constructed to fuse one such wire, it would require nearly sixteen times as many 

cells to fuse the four. 
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Suppose, again. Fig. 1162, that a number of charges are arranged in a circuit thus, each with 
two precautionary wires, and that while the battery is powerful enough to fuse the double wires 
all round, one of the two wires in one charge (C,) is broken by some mishap : it is then rendered 
potitively certain that, however strong the battery power may be, this (C,) will be the only charge 
which will explode, for the one wire left in it will fuse before the other pairs will arrive at any 
Yisible heat. Ohm*s theory explains the cause, and points to this as the certain result. 

Asain, the conducting wire hitherto used for explosion has been generally | of an in. thick, 
and the platinum wire in the bursting charge sometimes 1^ in. long ; now, can it oe supposed that 
it was generally l^iown that the introduction of one such bursting charge in the above circuit was 
equivalent to adding 1200 yds. of the thick conducting medium, or that an equivalent to this 
resistance in cells was ever added to compensate for the diminution of force? 

These, and many other extraordinary results depending on the principles regulating the 
circulation of a voltaic current, have given this agent the character of extreme mutability and 
uncertainty, which it does not deserve, as they were the consequence of an imperfect knowledge 
of those principles. 

From what, then, has been shown above, as the result of the use of a second platinum wire in 
the bursting charge, it will be apparent that Ward condemns its application ; since in firing 
chains simultaneously in a circuit it is worse than useless, and is indeed ruinous in its efiect. 
The precaution being resorted to, implies a belief that in case of a single fracture in any one 
ehaxge, a aeoond wire is at hand to complete the circuit and ensure an explosion of all ; but the 
lewene is the case, as has been shown ; and the second wire, the first bemg fractured, ensures 
that this charge is the only one which will explode : and yet the usual testing of the circuit by a 
galvancmieter needle, previous to connecting with the battery, will delude one with the hope that 
aUii ri|^t ; whereas, if only one wire had be^i used in each chu*ge, the fracture would have been 
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made apparent at once by the breaking of the circnit, and thoB a waning given to fepair. In no 
case should we attempt to place more than one platinum wire in a bursting charge, and tbtt 
charge should be only connected with a pair of conducting wires leading to the rarfaoe or end of 
the temping : place a second charge, if it \b thought desirable ; and before finally connecting eW^ 
of tliem with the wires intended to lead to the battery, test each by the galTanometer to see if the 
circuit to that point is complete, and then connect only one of them to the main wires leading to 
the place from which tlie mine is to be fired. 

It will bo seen that fr)r whatever purpose voltaic agency may be required, and whatever 
principle we adopt to circulate the amount of current required, there ia a certain size of platet 
which will do it to the best advantage, depending on tlie mechanical equivalent representing the 
value of that force. In the present case the force required was found to be best piodnoed by a 
Grove*s arrangement of the size submitted. When a Smee was tried, though from its simplicity 
it was preferable to a Grove, it was found that it choked itself, as it were, in its endeavoun to 
circulate the amount requireid, and consequently its circulation was not constant and not smtabk 
for our purpose ; at the same time its electro-motive energy being low, more bulk was neoesMiy 
for prooucing any effect. Daniell's battery certainly circulated a constant force of the degree 
required ; but it was inferior in electro-motive energy to Grove's, and, being at the same time more 
complicated, was rejected, and so with the others. 

We have shown that the simidtaneous explosion of any number of charges of powder can be 
obtained, if we can at the required moment establish the fiow of such a constant current of electricity 
as shall produce a fusion heat in every platinum wire placed in the circuit. 

It is advantageous, however, that this circulation should be produced with the utmost coonomT, 

consistent with certainty ; and we have shown that the economical consideration is theoretically 

satisfied when (£ representing the electro-motive energy of the combination, L the resistance of 

the liquid, w that of the wire, n the nimiber of plates, and F the required amount of cnrrent) in the 

n £ to 

equation F = — = , n L = ir, or L = — ; but that practically, for reasons given, L should be 

n li -f- u> n 

tc w 

somewhat less than — , the expression — representing the available energy to each cell of 

n n 

the voltaic combination. 

Now, the battery submitted has been constructed to satisfy these conditions, with the platinum 

wire which Ward recommends. But it will be evident that any alteration in the amomit of 

current required to circulate would reouire a corresponding modification of the battery. For 

instance, if a platinum wire double the tliickness of that recommended were substituted, more hest 

would be required to fuse it, and therefore a greater current must be caused to circulate. This 

n E 
can only be brought about in the equation F = — , where E and L are constant, as they am 

fl 1j "t" IT 

in any determined form and principle of battery, by a diminution of to ; and if this diminution 
reduces ir in value below n L, the amount of current required is no longer economically circulated. 
Nor can it be so till the value of L is also reduced, the principal mode of effecting which is by 
enlarging the size of the plates. The diameter of the platinum wire is therefore an esaemtial con- 
sideration in determining the size of the plates in any voltaic arrangement to produce its fusion, 
as very small differences in the diameter of the platinum wire will lead to gross errors in calcula- 
ting the number of cells necessary for an explosion, and uniform success can never be obtained in 
the field if the platinum wire has not been carefully selected, and tested as hereafter suggested 
before its issue from store. 

The lentjth of the platinum wire employed in the bursting charge is not a matter of the same 
importance, as a battery of the same sized plates can economically circulate the force required 
through any length of platinum wire. For it must be borne in mind that by adding lengths of 
wire we do not call on the battery to circulate a greater amount of force^ but merely to overcome a 
greater resistance to the circulation of the same amount, which can readily be done by increasing 

n E 

the number of plates in series. For if in tho equation F = — =—. — we increase tr to w -f <!, 

n Li -r io 

and BO diminish the value of F, we can immediately restore the equation to its former value by 
adding cells = , and the force F will circulate as economically through a xesistanco w -f a 

by the combination expressed by —- as it did in the first ease through w by 

( n + J L -f- tt? + « 

the combination of n cells. 

It is thus quite open to any future operator with the battery submitted, to introduce any 
lengths of platinum wire into his bursting charge, merely remembering to employ the thickness 
recommended, namely, 1 * ()5 grain a yard ; though f of an in. is sufficiently long for all purposes, 
and possesses the advantage of less liability to fracture than greater lengths. 

With respect to tho copper conducting medium, that weigliing 250 grains a yard, covered with 
gutta-pcrclia, is recommended ; but it is not essential that any i)articular metal should be employed, 
or that the wire should be of any particular weight, as wo have described a ready mode of ascer- 
taining the resistance, in standard measure, of any material of any length. 

Mining Operations for Blwcing Doum the Cliff near Seaford^ on the Coast of Susser, 1850 : hy Major- 
General John F. Hurgoyne. — Along tho coast of Sussex the banks of shingle afford protection to 
the rich low lands within them from the encroachments of the sea. 

The shingle, however, is in a gradual but irregular state of movement from west to east, and 
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. at times a gTC*t impreMionismBdeon particulu'inrtB, that would lead to much damage, if not 
krrated b? Brajeotioiu of timber and plantdng, between high and low water tnarlu, termed 
gioiiu. These groins are very expensice, and their ttaeful effei^ extend bnt for a short distance. 



William Catt, whose fcmuly hare ronsidorable posseesions is the plain between Newhaveu and 
SeoTord, a distance of about three miles, considered that by constructing a very substantial groin 
on a large scale under the cliff near Seaford, which is at the east extremity oF the jilain above 
moitioned, and the foot of which cliff was washed by the sea at high water, and thus atomiing 
the progress of the shingle, it would have some influence in proteotiug the whole extent of the 
beach to Newhaven. 

He also considered that the most effloient, lasting, and economiral mode of eslablishing such a 
projecting obstruction would bo by throwing down the cliff, which was nearly perpendicular, and 
about 200 ft. high, on to the beach, by a great explosion of gunpowder. 

In the main feature of the application of the two great charges, there was no difference in 
principle between them and the three, though there were some in the proposed modes for carrying 
it out, as will be subsequently explained. 

The ]-'■- "- 

thealU^ 

FivesDUtUerebargeajOf 600IbB. each, 



to be pl,aced in rear. Figs. 1163 to 116S, at a higher 




•^■tsClm^fer SQS Ih imA 



/ T 




4s*<^» 



SKtion on A B 

level, to clear that part &om overhanging remains ; and the whole to be flrcd by voltaic batteries, 
the two mam charges flrst and simultaneously, and tho five smaller ones immediately after. In 
ecDseqaanee of not receiving in time a sapplemontary demand of gunpowder, only three of the 
nuUler cbuges were loaded^ 



688 BBAEE. 

which ore Bgain f&itened to a third lever B' B C, moTable roimd a shaft O. The rod C D 
aonnecta the end C of the lever B' B C with the out D D', vhioh ia moved tnchnrdi uid [brwudi 
by the screw V : thia screw, which cau only move round ita aziii, bnt not in a longitodmal 
direction, is turned by w]iGel-(;ciiriTig from the box of the guard or brahes-mau. Therefore, bj 
taming the brake-wheel to the right, the nut D D' advaocefl to the right and pulls the pmnit 
C and B into the asinie direction, whilst the point B' is pushed into tbe opposite direction, and tfaa 
bralie-blocks are cDnsequentl; pressed upon the tires of the wheels. The ooupling-ibd C I^, 
jointed at D', produces an analogous effect upon the following wheels. The reverse takes place 
if the biake-wheel be turned in the opposite ilirection ; that is, the blocks 8, 8', are then removed 
from the wheels. 

In order to bring the hrahe into full action a certain time is alwajs required, and nnmeroui 
ooDstructions have been adopted for ahortening this time as much as possible. One method is 
that of employing a weight of an oblong form with a rach and pinion on its longest vertioal aide : 
thia weight moves between guides in a vertical direction, and is kept In its place by meuis of a 
olick or spring. As soon as the guard removes tbe click or eases tbe spring, the weisbl feJls, and 
turning the pinion rapidly round its horizontal axis, transfers the motion to the biake-bloeln. 
which act in the manner previously described. By means of a handle the pinion is turned in the 
oppoeite direction, the weight is raised, and again fastened in its former positioD. It will be seen 
that the action of the brake under these circumstances must be very rapid, and a train can be 
stopped in a sery short time. 

But the advantages of this very great rapidity should not be exaggerated ; a train should not 
be stopped instantaneously. To stop quickly is equal to a sudden stuck against an obstacle, and 
might produce serious accidents. H. Gentii, mining engineer, has compared that shock with the 
one which the train would sustain by falling vertic^y from a certain height ; the following Table 
gives the results of his researcbes : — 
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The law in France demands one brake-van to seven carriages or less : two brake-vana if the 
number of carriages varies between seven and fifteen ; throe brake-vans for a train of more than 
fifteen carriages; the tendei^brakea are not included in that number. 

On the Turin-Qcnoa railway one brake-van to two carriages of a passenger train is allowed; 
and three wagons of a gooda train to a brakO'Van. 

In Prussia J of tiie total number of ivhccls of a passenger train, and \ of the wheels of a 
goods train, have to be provided with brakes, if tlie inclination of the line is not more than 
0°>-0033 the metre. For an inclination between 0'"-0033 and 0"'-005, i and | have to he sub- 
etitutod for these fractions, and J and | for an inclination between O^-OOS and O" -010. 

Figs. 1221 to 1224 represent tbe arranRement of Stilniant's brako. 

It IS apparent from tLesc Q;;ures that the horizontal shaft a, supported by the brackets ii, is 
moved by means of a long lever b, wliich is connected at its end, by the two rods cc, with the 
_... J. .1.2 — ij l>eing raised or lowered by the spindle ;;, transfers thus its motion, not only tc """ 



lever 6 and the shaft n. but from there also by means of the forked levers 
to the wedges r r. These wedges are made of cast iron, and form 
two symmetrical parts, which are supported by m»ins of a joint or 
binge; four sliding parts u, o, two of which carry directly the brake- 
blocks p,p, whilst the two others are kept in their respective positions 
by means of the pressure-rods a, a, serviQi; na guides to the wedges, 

Tho greatest angle formed by these sliding parts and the wedges, 
during tbe inactivity of the brake, is 23 degrees ; at the moment of 
putting tbe brake in action this angle becomes less, since the sliding 
parts are pressed more towards the outside; and at the greatest 
pressure of the wedges against the sliding parts tho angle is about 
19 degrees. 

The tlircad of the brake-screw n ought to be double, so that the 
lover 4, tho end of which has to pass thf'agh a very considerable arc, 
can lie moved as quickly as potaible. The brake-blocks which are 
not directly fastenol to the wedges are kept in their reapectif e posi- 
tions by means of the suspension-rods ' f. and tbe horizontal rods uu. 
Tho spiral spriugs 1 1 keep the brake-blocks during the inactivity of 
the brake at a sufllcient distance from the tires, and thus prevent 
any tmneccssary friction, Tlie free action of tlie suspension-springs 
" ■ " " ■ ■ ■ (jggn obtained simply by 

, , as guides for the wedges 

,. , by making tho holes in these sliding parts 

is given to tho hole at tho lower part of the suspenaion-rods ( (, that 



II, and the lods n, a. 




to say, where these roda 
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Sectim thrODgli it right ugln (a Liaet of l«ut llesittaoce. 



The projection of the monDd, w flrtt thrown rmt, wu abont 300 ft. 

The man thrown down, Mcording to dimeniirmB taken the daj after the eiplonon, ira< about 
800,000 cab. ji», or 292,000 tons ueulf, at 121 Iba. the cab. ft., which was fotmd by actual ttial 
to be the fpaoiio gravity of the chalk. 

2 o 2 
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Minitvi Opemtiota at Sta/ord. — Tho opening raado in the face of tho cliff for the o 
or the central gitllcrf, b; which botti tlie chambers were reached, was 35 ft. above the high-water 
mnrk (ordiDnry apriog tides), which atthia spot was the level of the beach at the bsae of the 
clitr. It WAS oommenced from a loagh stage supported by ecafibld poles, and reached by b commoD 
ladder, the stage being neceiiaary in coneequeDoe of the impoaaibility of making any imprenion m 
tho face of the cliff by men working on the ladder itself. The cliff is compoaed of b very attajmct 
chalk, 12t lbs. to tho cub. ft., dipping to tlie north at an inclinatioa of about 15° and intersecttd 
by veins of flint at intervals of about 15 or 20 ft. Its height was at the situ of the western mine 
203 ft., nnd at the other 225^ ft., above high-water mark. Tho section at the fltat of these ipoti 
was nearly vertical: for tho whole height at tho second it was only so for about 140 or 150 ft. A 
mound of chnlk, tliat had fallen a few days before just at the spot, afforded, when levelled ou the 
tflp,»a bnso 14 or 15 ft. above the beach, on which to eroot the Bcaffolding. As soon as the iikd 
had penetrated a sufficient distance into the cliff to he able to wotk in secnhty, the acsffolding wu 
strengthened, nnd a convrnienl platform with n ;g, 

' K rtep-ladder constnicled for use during the 
remainder of the operations. Fig. 1106. To 
this scaffolding nns also fixed a creoe-poitt 
and derrick capable of liftiog nearly h^f n 
ton, by means of which tlie sand-bags and 
chalk used for tnmptng were raised to the 
mouth of the ^Uery \>y a, crab on the top of 
the mound. See FigH. 1175 to 1177. 

At the entmnce, a cave of the dimensions 
sliown by Fig. 1I7U was formeili for the pur- 
pose of keeping all tools and materials out 
of the way of the men working at the gallery, 
and this space subsequently proved of tho 
greatest service, as a depjt for the powder, 
sand-bags, and chalk, before they,could be 




passed along the gallery anl branches Similar advantflge noa found from a recess. Fig. IITG, at 
the end of tho central gallery formed by ts pioloiirtation, ori>:inall} as the mode of arriving 
at the spot nhero a third service of iOOO Iba. was proposed, which was afterwards considered 
unnecessarj and tho further adianeemrat of tho gallery stopped. The use mode of these two 
depiits fully compensated for the cost of their excavation, though, had the rock been of a hard 
nature, smaller spaces, particularly with reference to the nppcr recess, would have answered the 
purpose, and would have bein advisable on the score of economy. 

The men emploved Inving the gallery and branches worked in reliefs for the whole 24 hours. 
For the gallery, three reliefs of four men each wore told off ; and subsequently for the branches 
three reliefs of six men for the two, which were carried on for the most port simultaneously. The 
hours for relieving were G a.m., noon, 6 p.m., and midniiiht, excepting at periods when the high 
spring tides prevented the relief passing a projecting ])bj^ of the cliff at the proper faourt, whan 
e made to equalize the extra time the men were cotueqnently employed. The 
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work was hardly ever interrupted between G a.m. on the Monday and 6 p.m. on Saturday. By 
compelling each relief to bo in barracks six hours before their turn came for work, the men were 
always fresh at the commencement of their time ; and as the working pay was good, and the best 
miners were thus employed, the average amount of work performed by night fully et^ualled that 
by day. 

The dimensions of the entrance gallery are given in Figs. 1176, 1177. The content was 
iTitfCub. yds. ; the rate of progress about IG cub. yds. in the 21 hours. 

The main gallery of the section given in Fig. 1178 had an area of 27 superficial ft., so that each 
lineal foot gave 1 cub. yd. of excavation. The average rate of progress was 8 lineal ft., et^ual to 
8 cnb. yds., in the 24 hours. 

The branches, of the dimensions given in Fig. 1179, had a section of about 12^ superficial ft. ; 
the rate of progress of the two was at first about 16 ft. = 7*4 cub. yds. in the 24 hours, six men, 
as before stated, being employed in each relief, instead of four, as in the gallery ; but as the dis- 
tance from the entrance increased, this rate was not maintained, the latter portions averaging little 
more than 13 ft. in the 24 hours. 



Entrance chamber 
Main gallery 
Branches . . 



471 



Cubic yai^ 



Number of 

] lauds 
employed. 



164 



440 



Gust per 
cubic yard. 



2s, 4<i. 



Average number 
of Men in the 
three Reliefs. 



12 to 18 



1180. 



From the foregoing data, the general rate of progress of the works mentioned above may be 
assumed at 9 cub. vds. in the 24 hours, by five men constantly emplr>yed day and night. 

In comparing the progress of the gallery and branches, it appears that the former advanced 
at the rate of 8 ft. in the 24 hours, and each of the latter, though less than one-fuilf the area, at an 
average rate of only about 7^ ft. in the same time. The increased distance of the branches from 
the entrance would partly account for this difiierenco ; but it is, in a great measure, to be attributed 
to the slow progress made by miners when working to a disadvantage in a very confined space. 
Had these branches been 5 ft. 6 in. high and 3 ft. 6 in. or 4 ft. broad, it is probable that they would 
have been completed in rather less time than was occupied by the smaller size adojitcd, particu- 
larly as no gunpowder was used ; the subsequent tamping would, however, have been proportionally 
increased. 

The chambers for the two lower mines wore cubical, the side of the cube being 7 ft. 2 in., and 
gtvinff a content for the two of 27 cub. yds., Fig. 1167. The time occupied in their excavation, 
and in squaring their floors and sides to re(;civo the joists and uprights to support the rough 
planking with which they were lined, was about 138 hours, making the rate of progress only 
4 cnb. yds. in the 24 hours. 

The five shafts sunk for the five mines of 600 lbs. eacli, intendctl to have been fired simul- 
taneooaly, directly after the ignition of the lower mines, were each 40 ft. deep, and of the section 
flhown in Fig. 1180 having an ascent of about 19 superficial ft. The total con- 
iemt of the five was about 140 cub. yds. 

Three men were generally employed upon each shaft. The stuff brought up 
was piled round the mouth of tlie shaft, ready for tumping, and no gunpowder 
was need, the chalk being of a much softer cliaractcr than in the gallery, and 
not intersected in the same manner with flint. The task set to each gang of 
three men for the greater part of the work was 2 ft. 6 in. for every 6 hours. The 
averaffe rate of progress for the first three shafts was 3 ft. 7 in., ef^ual to nearly 
2^ cnb. yds. a day. The two last shafts, which were only decided ui)on within a few days of the 
exploeion, were carried on during the night by reliefs. Their progress in the 24 hours was nearly 
6 ft. = about 4} cub. yds. each shaft. 

The returns at the bottom of the shafts, and the cliambers for the powder, were as shown in 
Fig. 1181. The difficulty of working in so confined a space, and the trouble 
of squaring the returns accurately so as to admit the boxes containing the 
powder, were the causes of great increase in the cx}>ense. 

The directunu of the gallery and branches were laid out by a theodolite, with 
reference to a line assumed as parallel to that joining the centres of the two 
charges, fixed during the previous survey of the ground, and the inclination of 
their floors was tested by a mason's level, the miners being provided with a 
rough level adjusted to the required slope, to direct them during the progress 
of the work. 

The tools used in the main gallery were the common miner's pick, and a large 
shorel, for which, in the branches, a mining shovel, 2 ft. 3 in. long over all, 
was substituted. Wheelbarrows were found more manageable in the gallery 
than miners' trucks, which, owing to the very great iuclluation at which the floor was driven 
(1 in 3), wore very difiicult to hold back when descending the slope filletl with chalk, and to draw 
them np empty. In the branches, which had a rise of 1 in 9 to 1 in 10, trucks were always used ; 
the recess at the end of the gallery, already alluded to, being found very useful for turning them 
and for keeping tools out of their road. 

Ventilation, — The air was so pure in the whole of the galleries, and even in the chambers, that, 
excepting when the miners were actually at work and the candles burning, no artificial ventilation 
was reqmred ; had any quantity of carbonic acid gas been present, it would, owing to the steep 
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inclination of the main gallery, have flowed outwards along the floor towards the entrance, and its 
place hare been supplied by a stream of fresh air along the roof of the gallery. In the branches 
this effect would have been much lessened, from their more gradual rise ; and in the chamben, 
which were sunk below the level of the floor of the contiguous branches, the heavy gas would 
have settled immediately ; but in this instance the air on the floor of the chambers appeared as imre 
and light as at the entrance. The air-pump by which the ventilation was effected had been 
used for exhausting the foul air at the bottom of a deep well sunk in the neighbourhood of 
Brighton ; and, by mounting it upon a rough stand, it was made available in the gallery and 
branches. The tube, secured to the wall about 8 ft. above the floor, was, for the whole l^igth of 
the gallery, part of the old wooden pipe that belonged to the air-pump ; but in the bzanchesy gutta- 
percha tubes, of 2f in. diameter and -jV of an in. thick, were made use of. 

By adding length after length to these, as required, the hot impure air breathed by the minea 
at work was drawn off by the air-pump, which, m fact, was all the ventilation needed. Had the 
air become foul as the miners advanced into the cliff, this air-pump would not have been sufficiently 
powerful for the purpose ; to be prepared for which contingency, arrangements were made for the 
use of a blowing apparatus from a foundry at Brighton, which, however, was never required. 

The gutta-percha tubes weighed about 3^ oz. a foot run. 

Lighting the Galleries and Chambers, — During the progress of the gallery and branches, the 
miners worked by the light of candles, in the accustomed manner ; but to avoid any risk of acci- 
dent from the use of lamps during the operation of loading the mines, fixing the bunting chargei^ 
and laying and securing the copper wires leading from them, a contrivance was resorted to for 
lighting the chambers by reflection from plates of bright tin tacked upon deal fhunes, which plan 
was previously tried and found to answer perfectly during their excavation. This method ori- 
ginated in a suggestion of Colonel Lewis, founded upon a mode he had practised of obtaining light 
in a magazine, by reflection from the painted copper door of the building. A board of about 4 ft 
squaro was first covered with bright sheets of tin, and fixed at an angle of 45° with the direction of 
the centre line of the main gallery, at the spot whero the branches turned off nearly at right 
angles. The light thus first obtained by reflection from the white chalk was very feeble, andhaidly 
perceptible near the extremity of the branches, excepting at one short intervid in the day when 
the sun was nearly in the line of the gallery, and its scattered rays were reflected from the sea 
(particularly when calm) up the slope ; and tlie smaller reflector was then placed just outside 
the mouth of the gallery, in such a position as to catch obliquely the first rays of the sim that the 
overhanging cliff allowed to visit the spot, which was between 10 and 11 A.M., from which hoar 
till sunset, by occasionally moving the outer reflector and adjusting it like a heliostat, to throw 
the direct rays it had attracted upon the set of plates at the upper end of the main gallery, a bril- 
liant light was reflected along the branches and into the chambers, where the smallest and most 
indistinct writing was as legible as it would have been in broad daylight. Had the operatioDs 
extended over a longer space of time, this outer reflector would have been fixed in a frame, and 
means contrived to render the adjustments in any way required more easy ; but, for the short period 
it was needed, a rough pluik to support it, and two or three sand-bags to retain it in the required 
position, were found sufficient. 

Loading the Mines, — The gunpowder (24,000 lbs.) used for the lower mines was supplied at the 
lowest ratiB at which the Battle Mills had offered to furnish merchants* blasting powaer, of good 
quality, but inferior in strength to cannon powder in about the ratio of 9 to 13. 

It had been made up in flannel bags containing 10 lbs. of powder, nine of which bags were 
packed in each of the barrels, which were lined with zinc cylindrical cases, having lids fitted to 
openings on the top, rendered impervious to moisture by a thick coating of waterproof composition. 
These were sent round to Seaford Bay in a sloop, and landed, almost immediately after the arrival 
of the vessel (soon after low water), on the beach, before one of the martello towers which had beoi 
prepared to receive them until required for use. The whole number of barrels, weighing neariy 
130 lbs. each, were carried by hand up the beach, and stored in the tower. The powder required 
for the mines at the bottom of the snafts sunk above the cliff, which did not form part of the 
original project, was not applied for at the time that the first quantity was dispatched, and, owing 
to some delay, did not arrive at Beaford until within two days of the time fixed for the explosion, 
so that it was only possible to load three of the five mines of 600 lbs. each that had been 
prepared. 

The distance from the tower to the entrance of the gallery, nearly three-fourths of a mile, ren- 
dered it necessary to employ three carts to assist in moving the powder along the beach, on account 
of the time that would liave been consumed in conveying all the barrels to the spot upon hand- 
barrows. A portion of the men were, however, so employed with nine barrows, and a party of 
thirty sappers, under an officer, were told off for this work, and for carrying the powder barrels up 
the ramp leading to the foot of the ladder, and passing the bags up the stops into the entrance 
chamber. 

As rapidly as the barrels were brought to the top of the mound at the foot of the ladder, they 
were opened, and the bags passed by hand up the steps by men stationed at proper distances upon 
them, the convenient size of the bags enabling this to be performed with great ease and rapidity ; and 
by the time the men went to dinner, one-thirid of the powder had been piled up in the outer recess, 
upon tarpaulins previously laid to receive the bags. After dinner, part of the men (twelve) were 
employed passing the bags up the gallery to the inner recess, also by hand, the men being sta- 
tioned between 5 and 6 ft. apart, along one of the walls, and the gallery lighted in the manner 
already described. 

Later in the afternoon, the men who had been occupied with the powder barrels were made to 
line one of the branches, sitting down with their backs to the side of the branch, and passing the 
bags from hand to hand to the chamber, where they were built up in a compact form, under the 
eye of one of the officers ; the chamber having been previously floored, ana lined to the height 
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of 5 ft. with rongh planks, fastened to uprights by copper nails, to prevent the powder from coming 
in immediate contact with the chalk. 

When one-half of one chamber was completed, the men were transferred to the other branch, 
and both chambers were loaded with half their quantity of powder, the whole time occupied 
by the above operations being only 6^ hours. Two sentries were then niountcd at the entrance 
of the gallery, and on the following morning the work was recommenced, and the loading entirely 
completed by half-past 4 p.m. Before leaving work the remaining sand-bags were all filled, and 
about ninety of these hoisted into the mouth of the gallery by means of the derrick, and taken 
up to the upper recess, to be in readiness for commencing the tamping as soon as the bursting 
charges should have been fixed, and the first portion of the wires leading from them secured from 
any risk of being moved or injured, which was effected by passing them through tubes drilled in 
strong pieces of scantling, secured across the entrance to the chambers, and fastening them by 
wooden plugs, and afterwards leading them along the floor of the branches in grooves cut in narrow 
stripe of plank, covered by other pieces nailed over them with copper nails. 

The whole of the operations aetailed above, from commencing to move the powder from the 
tower to the completion of the loading of both the mines, occupied 3 carts and 30 men for 11 hours, 
and 12 men afterwards for about 4 hours. 

The lines of least resistance of each mine being exactly 70 ft. and the charge 12,000 lbs., the 

proportion the latter bore to the cube of that line was about ^, rather more than was originally 

343000 
proposed (A). (70)» = 343000 and — ^ = 12250 lbs. 

Tamping. — The materials used for tamping in the galleries were sand-bags (filled, some with 
dry chalk, but the greater part with sea-sand) and lumps of chalk. The sand-bags, only GOO of 
which were supplied, extended about 30 ft. from each chamber along the branches, the remaining 
length of which, as well as that portion of the main gallery which it was considered advisable to 
fill up, being completed witti chalk hoisted from below by means of the derrick, in large baskets 
containing 6 bushels, weighing about 9 cwt. The greater part of the sand-bags were lifted into 
the gallery in the same manner by slings, five or six together. 

In the shafts above, the tamping consisted merely in shovelling down the stuff that had 
previously been drawn up and piled round the opening, the charges not being sufficient to creato 
apprehension of their producing any effect upwards, the line of least resistance in that direction 
bein^ 40 ft. 

The sand-bags filled with dry chalk, free from any particles of flint, wero used in the branches 
for blocking up each of the chambers, and extended about 8 or 10 ft. from them, so as to prevent 
the possibility of any damp reaching the powder from those filled with wet sand, which were after- 
wards built in promiscuously with the others. 

Large blocks were built across at intervals, and the finer stuff thrown in behind and rammed 
sufficiently to make a tolerably compact mass, the wires from the bursting charges being secured 
from injury during the operation by the manner in which they were enclosed in the grooves 
already alluded to. 

The extent of the tamping is shown in Figs. 1176, 1177, and occupied from 18 to 20 men for 
three days, as also 12 men for one night. The distance from the crossing of the branches down 
the gallery to the spot where the tamping was discontinued, was only 20 ft. G in., which, though not 
what would be generally considered necessary with moderate charges, the point A being consider- 
ably less than the length of the line of least resistance from the centre of one of the mines, was 
thought sufficient; the section of the gallery being quite insignificant, when the enormous 
expansion that would be caused by the explosion of the two charges was taken into account. 
The result proved that this idea was correct ; indeed, it is probable that the effect would have 
been the same if the main gallery had been left entirely open. 

In the branches the rate of progress with sand-bags was about 12 ft. the hour, rather more 
than 100 sand-bags being required for every 10 ft. ; they were passed along nearly in the same 
manner as the powder, the men being necessarily placed at less distances apart, and the branches 
lit as before, by the tin reflectors. 

With loose ohalk, the rate in the branches was 7 to 8 ft. an hour, equal to about B\ cub. yds., 
the section being 12 j superficial ft. 

In the main gallery the rate of progress for the distance tamped, 30 ft. 6 in., equal te 30^ cub. 
yds., was about 4 ft. 8 in., equal to 4*7 cub. yds. an hour. 

The above statement of the number of men employed and the rates of progress, includes those 
working at the derrick and passing the sand-bags and chalk up to the party at work. 

In passing the sand-bags and chalk to the end of the branches from the entrance chamber, 
from 20 to 24 men where required ; from the upper recess, which was also used as a depot for 
these materials, 12 men were found sufficient for passing on the sand-bags, and tamping. 

At the derrick seven men were employed — two at the crab, three collecting chalk and filling 
below, and two emptying the basket aoove, which was in this manner loaded with six bushels of 
chalk, lifted a height of 22 ft., and returned in 4^ minutes. The same quantity carried up the 
ladder upon men's shoulders in half-bushel baskets occupied about six minutes with the same 
number of hands. Another advantage in favour of the derrick was, that there was no difficulty 
in continuing the work for the whole day ; whereas the men could not have stood the fatigue of 
carrying the baskets up the steps for any length of time. 

Description of the Voltaic Battery. — The position of the mines above and below is shown in 
Pigs. 1182 to 1185. The position of the battery house, that is, the shed where the voltaic batteries 
wereplaoed, and to which the conducting wires from the mines led, is also drawn in Fig. 1185. 

The oonduoting wires from the large mines were brou^t up the face of the cliff, and then into 
the battery house. 
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It wits originallT in- jgJtM.3r. iih. 

tended to have flred the ft"^ .., ^ 

large mines below simul- 
tuieoDal; b; one bckttery, 
amnging (he cooducting 
wim Bs shown in Fig. 
1183, th&t is, the wire pro- 
ceeding from the battery 
was to have been carried 
directly io, and coflnected 
with, the biirrting charge 
of one of the lower mines ; 
from this, again, a con- 
docting wire proceeded to 
the borsting charge of the 
other, which again was 
oomiecled by the same 
means with tne other polo 
la the batte^. The whole 
drcoit b; thu arrangement 
woold have been about 3tS0 
yds. Subsequent experiments have 
proved that it woold have been suc- 
oeesftiL When the time fixed for the 
explosion drew near, doabts were ex- 
pressed in indnential quarters of the 
safety of the plan, and as, from want 
of time, there was Do meana of proving 
its praottcability by a suiBcient number 
of experiments to remove all doubts, it 
was thought advisable to adopt the old 
method of firing each lower mine by a se- 
parate battery and a separate set of wires. 

It was origiiially intended to have 
fired the five mines above by the ar- 
rangement shown in Figs. 1182, 1183. 
Two mercury oops situated in a con- 
venient position, such as shown in Fig. 
1183, had each to receive one wire from 
esdh mine; two main wires prooeeded 
bom these cupe to the battery house, 
one from each cup. 

The object of the cupg in tbie case 
was not only to economize wire, bnt to 
prevent them from being dragged from 
the hands of the person who &ed them. 

This method was lUso abandoned sub- 
teqnsntly, having the means of firing 
each mine by a eeparate battery, as wiU 
be described heteafter. 

There were three voltaic batteries 
available for the Seaford explosion. The 
two principal ones were exactly similar, 
bei^ both after Grove's construction. 

Grove's consisted of five cells each, 
and by reference to the figures the de- 
scriptiODwillbe better undc'istood, Figs. 
1186 to 1188. The desociptioo need not 

extend further than for one cell, as the others were similar. The positive metal was lino, 
neeative platinum : two zinc plates 9 in. by 7 in., and the platinum 9 in. by 6 in. Siilphii 
n the proportion of one measure of acid to eight of water, and concentrated 



=i] 




Plan of the top of the Cliff, ihowing Batlery Houie, 
SDd the (ituntion of the three iViaa above, and alio the 
Conducting Wires leading^ from them, as well as ths 
large Mine below lo the Bsllery Shed. 
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diluted in the proportion of one measure of acid to eight of water, and concentrated nitric acid, 
were the elements for generating the electricity. The zinc plates were amalgamated, and placed 
in a porcelain cell with the diluted aulphuric acid ; between the two platoa was inserted a ceU of 
pmons earthenware filled with nitric acid, and in this was immetscd the platinum, which was 
attached to a bar of wood, the wood being latber thicker than the exterior breadth of the porous 
cell ; a clamp of brass, as shown in the enlarged sketch, firmly received the two zinc plates, and 
secured tbem against the wooden bar ; the connection of the zinc of one cell to the platinum 
of the adjacent one being made by slips of copper, as shown in Fig. 1188. 

This form of battery was very convenient, as it could be ol^ged without difficoltv and be 
airanged for firing by two people in ton minutes ; and those in the habit of using it could prepare 
it in six or seven minutes. It was ^so a very constant intensity battery, for at the end of five or 
six houra, which was the longest time Uie battery was ever kept in action here, it was in fall 
strength. The eame acid has been repeatedly used for charging the battery for a period of twenty 
honn, with simply adding a little water to the sulphurio acid solution, and up to that period no 
diminatioa in its itTength has been discovered. 
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Grore'B battery, of the before-mcntEoned size, is capable of firing one charge at a diitiUKe of 
600 yds., or through a circuit of 1200 yds. ; it will Are two chnrgea simultaneouBly, arninging then 
as was originnlly proposed for the larger mtnee at Seaford, thiougb a circuit of 1000 jdi, tin 
conducting copper wire being -^ in. in diameter, and the platinum wire in the btirating ctiar^ 
I in. long. 

The porous earthenvare cells, though thej have been frequently used, are as good m at flnt 

The method of preserving them (as practised hero) is, after the ba.tt«i'y is takeo to pieces to 

eaak them in a tub of water for half an hour, thus remoring moiit of the nitric acid and melallie 

salt that may be in the pores, and then put them in some fresh water for an hour or ao longer: tin 

sulphate of zinc being soluble in water, is removed by this means. 




The outer porcelain cells may bo mnde of gutta-perchn, which, however, though s 
every purpose and not beinK fragile, would ronutre a little care to keep them free from strong 
nitric acid ; the dilute solution of sulphuric acid used has no effect on them. 

This battery has many advantoges : its wmncctions are very simple, and easily cleaned, which 
are very esiiential points with a Grove's Ijattery, for the nitric acid fnmes will attack brasa, mpptr, 
folder, and all such metals as are within the range of its influence. It is very constant in its power 
on difierent days, for whatever intensity it has shown on ' i . - . .. 

expected from it on another. Witli Dnniell's battery this 
a great effl>ct upon it, and the oi-gullet especially. 

The third voltaic battery was of Smee's conat 
therefore, was made use of for firing one of the small 

for Bring chargea at great distances: it will not be nece ^ .... , , . 

metal was zinc, amalgnmated : and the negative, platinized silver ; the eiciting fluid was dilul . 
sulphuric acid, one measure of acid to eight of water being generally used. It had twelve cells, 
and was very easily charged for use. 

The conducting wire was composed of three strands nf copper wire, .^ in. in diameter, twisted 
as a ropo, and then covered with tape, and a solution of shellac and varnish over that again. The 
advantage of twisting the wire thus is, that it is loss liable to fracture, and is more Qeiible. A 
single strand of wire, having the same weight the yard, would convey electricity equally well, bat 



I was in charge at Portsmouth, and. 
above, as it is not generally adapted 
[be it minutely. The positi 
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would Bocm get haid and unmanageable ; it is very apt to break at bendings, and so break the 
eiieuit ; twisted rope wire has a better chance, for one or eren two strands may break, and the 
thixd be still left to complete the circuit. There was also used copper wire of single strand \ and 
^ in. in diameter. 

Bursting Charges. — ^Those for the large mines below were 9 in. long, and cylinders 2 in. in 
diameter ; and for the smaller mines about 6 in. long. They were lo<lged in the middle of the 
mine, and connected with the main conducting wire, which was brought through a piece of wood 
placed across the entrance of the chamber, and so jammed into it as to prevent the charges being 
dragged from their position. 

By way of precaution, two charges were placed in each large mine, and connected with separate 
oonducting wires, in case one pair might be damaged in tamping. The length of platinum wire 
for these bursting charges was different for those in each mine, one being | in. long, and the 
other I in. 

It was doubtful, at the time when these charges were placed, by what method the mines would 
be fired. The short length of wire had been found quite sufficient for exploding charges, and it 
was intended to have used tliat if both mines had been fired by one battory ; but as subsequently 
each mine was fired by a separate one, the bursting charges having the longer wire were attached 
to the main conducting wires at the mouth of the gallery, as giving a larger spark. However, 
either set of charges might have been used for cither method with perfect success. 

The twisted conducting wire, of which there were only 500 yds. available, was kept for such 
paita as were likely to come under the observation and close ins|)ection of the spectators ; for 
matanoe, from the battery house to the edge of the cliff, and to the top of the three shafts. Tha^ 
down the face of the cliff and the shafts was the single strand of thick wire before described, and 
ooyered with coarse canvas and pitch, tempered with tallow hastily made up. From the mouth 
of the gallery to the bursting charges below, the same thick wire was used bare, in this way : — A 
inece of deal, 3 in. broad, had two plough grooves run down it, in wliich one wire from each 
Dorsting charge of one mine was placed, and a fillet nailed over it, previously tarred. Another 
irimilar piece of deal had the other wires from those bursting charges fixed in it ; these two were 
Icept on different sides of the brunch^ and brought down the itiain gallery on one side. The same 
wraa done with the conducting wires from the other mine, which were brought down the other side 
of the main gallery, Fig. 1184. 

The wires proceeding from the battery house were passed over the edge of the cliff through 
two double blocks, that were run out on two poles. The poles were placed about 10 ft. apart, on 
the g^und, and projected over sufficiently to enable the wires to clear the face of the cliff. One 
wire from each mine was run through each double block ; thus the pair belonging to each mine 
wero kept 10 ft. apart down the face to the entrance gallery, where they were attached by 
soldering to those from their respective bursting charges : previous to soldering on these wires to 
those leading to the mines, the continuity of the circuit was tested by a galvanometer ; and as 
every one was complete, the charge having | in. platinum wire was selected for the purpose of 
firing. One Grove's battery was devoted to each large mine. 

The three small mines above, each charged with 600 lbs. of powder, had each a battery to fire 

them, the two extreme ones by the two Grove's, and the centre one by the 8mee*s already alluded 

to. The wires were brought from the shafts into the battery house. The arrangement for firing 

^nm made as sketohed in Figs. 1189 to 1191. M, M, M, M, are meroury cups into which the poles 

of the Grove's battery were plunged. 

The operators stood with their backs to the cliff, facing their respective batteries, the meroury 
oops being between them and the batteries. 

W, and W, represent two wires, one proceeding from one large mine below, and the small one 
mboTe on that side. W, and W^ represent two others, one proceeding from the other large mine 
lielow, and the small one on the side above. W. represents the wire from the centre mine above. 

W/, W,', W,', W ', W,', are those corresponding to Wj , 
"W,jMr,, W4,Wg, that is, leading to the same mines. 1189. 1190. 1191. 

The orders for firing the mines were to explode the qrovk. Smee. Grovb. 

large ones first, and when it was known that they had 
gone ottf the three small ones were to be fired. On the 
woid to make ready, Wi, W,, W,, W^, were inserted in 
their respective meroury cups, as shown in Figs. 1189 to 
1191 ; and W, was attached to the binding-screw of one 
tenninal pole of the Smee's battery. 

W/, W,', were held by the officer in cliarge of that 
battery, one wire in each hand. W,', W4', were similarly 
held oy the officer over that battery, and W^' was in 
lient. Grossman's charge. 

Oaptain Frome arranged to give the signal thus : — " One, two, three, fire" and " One, two, 
three, jirtf/* the first fire referring to the large mines (when the wires leading to those wero to bo 
plmiged into the other meroury cups), and the second fire to the three small mines (when all three 
offloers had to complete the circuits corresponding to those). At the first word fire, the two large 
mines exploded, and the effect produced separated ttie cliff behind the three smaller mines so 
qnickly as to drag all the remaining wires out of the window, thus preventing the upper ones from 
being fired. The wiro W., attach^l to the binding-screw of Hmee's battery, pulled it over, and 
tile shock made the other batteries jump on the table, mixing and spilling the acids. 

With respect to the plan orig^ally proposed for firing the mines below, namely, by one battery, 
and pUunng the charges in one continuous circuit, it was asserted to be an uncertain method ; 
beeanae, if one platina wire was a little shorter than the other, the short one would fire first, and, 
thus difloonnecting the circuit, would prevent the other from exploding. 
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8 altraja judged by the eje, never iiocural«ly mc«aured. 
But B Bnfe ineBiis could have been adopted to prevent 
oven Ibia contingency, and have placed beyond posaibility 
the chance of only oue chiuge exploding. The diagram, 
Rg. 1192, will explain it. 

The dotted lines represent the copper conducting wires 
leading to diaiges C, and C, ■ The length of platinum 
wire in C, msy be made | in. long, that in C, f in. ; and 
at points a and b connect copper wires of the same thick- 
nesH as the conducting wires, leading towards each other, but not approaching nearer than 1 in., 
and this interval connected by soldering on a platina wire 1 in, long, between the two, and encasing 
it in wood to protect it from possible fraoture in the tamping, and securing it from all strain. 
On completing the circuit at the battery, C, would fuse before C.. being J in. shorter, but the 
electric circuit through C, would still be complete by the aid of the connections a 6 ; aimilarly, 
C, must fuse before the platina wire at a b, being shorter by | of an in. ; and the interval between 
the explosion of C, and 0, would not be more than ^ of a second at the most ; indeed, piaciicallj, 
instantaneous. 

Ai^ieaiion of Permanent Magneti to t/ie Kxploaim of Minet and Sabmarine Charges. — Electro-mag- 
netism and magneto-electricity may be explained and Uliutrated ns follows : A cell of Daniell's 
battery is represented in Fig. 11!13; a tod of zinc A Bis placed within a tubeC Dof poronscartheii- 




ware, the vessel E F being of copper. The porous tube C D, containing the zinc rod A B, ia filled 
with a mixture of one part sulphuric acid and ten parts water ; the space between the earthenlrnre 
tube and the copper cell E F is filled with a saturated solution'of sulphate of copper; this 
saturated solution is prepared by pouring boiling water on a superabundance of crystals of 
snlpliate of copper and stirring them ; to this solution one-tenth acid should be added. A binding- 
screw H establishes metallic contact between the zinc rod A Q and one end of a wire, the metals 
being clean at the points of contact ; the other end of the wire ia brought into metallic contaet 
with the c^pcr cell E F by means of the bioding-Bciow G and the metaJ support I, which may 
be either of^brass or oopper. 

In the coil of insulated copper wire at 20, when the positive galvanic current descends and 
pessea in a right-handed spiral round the soft iron bar N S, 20, tlie iiOD bar becomes an electro- 
magnet, the north pole N on the riglit of the observer. Tlie bar of soft iron N B losee its 
magnetism or becomes demagnetized the instant the continuous metallic circuit X, 20, 21, V, H Z 
is broken. Suppose the wire to be made fast to two metal disca I> and N, 24, which do not touch, 
then tbo galvanic current will not circulate as the continuous metallic contact is broken : but the 
instaut a plug of metal, touching both the discs, is ]>)aced in the hole M, the galvanic current 
circulatca, and 8 N, 20, will be found to acquire a considerable quantity of magnetism, the cell 19 
being charged and arranged as before directed. But as soon as the plug M ia withdrawn, or the 
metal bar Q, 23, removed, the circnit is broken, and the bar SN, 20, loses ita magnetism. Th« 
bar Q, 23, establishes metallic contact between the ends P, R, of the wire. 11 must be •J>aereed by 
those leho are noi acquainted xcith gaitank: electricity/ and technical lenns that poiitine electricity paiaa 
from the lower part of the iinc rvd through the fluids and poroia pot C D, to the copper corer E F, and 
then continva its course X, +, 20, 21, 22, V, 2S, the pluy M, and return, to the upper end H of the tine 
bar. The electric cnnent passes from the tine to the copjier through the porous pot and fluids, 
and leaves the batter; by the wire (which may be of immense length) attached to the oopper, 
tnssiiig through any apparatus that maintains continuous metallic oontact, and returaLng to the 
battery by the wire attached to the end of the zinc which ia not immersed in the fluid ; the copper, 
although the negative metal, forms in this case the posilioe cad (-f-) of the battery ; and the zmr, 
althongh the positive metaJ, forma the negatict end ( - ). A piece of soft iron, 21, whw bent in 
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the form of a horseshoe, ronnd tho horns of which is wonnd spirally a leng^th of woll-insulated 
copper wire, acquires a considerable quantity of magnetism wliilo a galvanic current is passing 
through the wire ; one end of the magnet so arranged becomes the north polo and the other tho 
south, if the spiral be wound in the same direction tiiroughout, supposing the horse-shoe to be 
unbent and made straight. When a gHlvanic current circulates round the horns of a horse-shoo 
electro-magnet 21, a piece of soft iron K, near its ends or poles, will be raised ; but as soon as the 
plug of metal M, wMch is technically termed a contact-i)eg, is removed, the electro-magnet 21 
becomes demagnetized, and K is disengaged or allowed to fail. Electro-magnets of tlie form 21 have 
been arranged so that they sustained a weight nearly equal to a ton. If a positive galvanic 
current passes along a wire in the neighbourhood of a magnetic needle N 8, 22, the needle will 
be deflected, and wiU take a position n «, Fig. 1193, at nearly right angles to the wire. But when 
the circuit is broken by withdrawing the contact-peg M, or by removing tho strip of metal S, 23, 
the magnetic needle will return to its original position N S. The Danish philosopher Oersted, 
about the year 1820, discovered the connection between galvanism and magnetism ; he also illus- 
trated his discovery by many phenomenal developments. In applying electro-magnetism to the 
busiiiiesa of telegraphy, the next important discovery was made by Steinheil, who found that 
the earth might be used to make up half the circuit of a galvanic current ; for if a number of 
cells like 19 oe combined, so that the battery may be of sufficient strength, the discs of metal 
K, N, 24, Fig. 1193, may be buried in the earth at a great distance apcurt, and yet the circuit will 
be complete although the return wire is dispensed 
with. Faraday found by experiment that the con- 
verse phenomena also takes place, namely, that on 
inserting a permanent magnet N 8, Fig. 1194, into 
the middle of a helix of insulated wire A Z, a current 
of electricity is generated in the circuit of wire A B Z ; 
fhe direction of the current depending upon the pole 
inserted and the end of the spiral with respect to the 
direction of its windings. 

This experiment of Faraday has been much over- 
rated, for, when Oersted had discovered that an elec- 
tric current produced a magnet, it required but little 
analytical slall to observe that the converse phenomena 
takes place, namely, that a magnet would produce an 
electric current. 

liany vague conjectures and absurd theories were entertained about the mechanical action of 

F 
the galvanic and electro-magnetic currents until Ohm, a Qorman physicist, proved that I = == , 

in which F = the electric motive force, W = the resistance, and I = the intensity. Faraday proved 

experimentally that Q = « I, Q being the quantity of electricity conveyed by the current, I tho 

intesisity, and s = the time auring which the current circulates. Dr. Joule asserts, following out 

the ideas of Dr. Mayer, that U = P W s ; in which U = units of work. However, the proofs by 

^hioh our present meclianical equivalent of heat has been established are far from bemg satis- 

fmdoTj. This experimentalproposition of Mayer and its converse may or may not be true. The 

Snoofs given by Professor T^dall and Dr. Joule are not conclusive. Many forms of battery, a 

"Variety of mechanical contrivances, and numerous formula), have been employed in the business of 

'ftelegpmphy, the most useful of which we give elsewhere, in order of merit. But those develop- 

Xnents, except the local battery of Morse, are of a very second-rate character compared with those 

'^re have enumerated. 

To illustrate what we have stated with respect to the electro-magnet, we will explain the 

wimple principle upon which W. Siemens constructed one of his first telegraphs. Suppose A J, 

TFig. 1195, to .be a piece of soft iron, 

s u ppor t ed on an axis at one end, 

•aia lifted by a spring F in the middle, 

so as to press A J upwards against the 

metallio contact-screw D. Lcttheposi* 

tive pole of the battery B be connected 

by a wire e with one end of tho wire- 

edl of an electro-magnet M M, tho 

other end of the'coil Ming connected 

with the contact-screw D, by a wire 

^; while a third wire e^' completes the 

drcoit; e^' connects the negative pole 

of the battery with C the axis of the 

dece of soft iron or armature A J. 

When the circuit is complete, the cur- 
rent circulates in the coUs of the elec- 
tro-magnet M M, magnetizes them, and 

osuses the soft iron lever A J to be 

attracted to the poles ; this operation 

breaks the metallic contact between 

the lever G J and the contact-pin D. 

When this occurs, the galvanic current 
to circulate in the coils of M M, 



1195. 




e' 



the soft iron cores of which become demagnetize*!, and have no longer tho powrr to retain C J, 
which is therefore lifted by the spring F. But then contact is again established between D and 
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-^.x.xj V r^ 30x0-22 2x314x0023 -008x0044 „,^ ^ ^ , „«« 

stituteiL we have Q = x = 727^'89- or about 728 

Bwiui^u, w« uttYo w, ^.^23 ^ 0044 + 2 X 314 x 0023 x 008 ' 

kilogTammes. 

The effective weight of the suspension-rods cc = 16^ has to be added to this pressure, bo that 
the total force at the end of the lever 6 is equal to Q = P| = 728 + 16 = 744 kUograminea. 

Calling, therefore, 

L = 2'" • 065, the length of the lever 6 ; 

p = 80^ , its own weight reduced to the centre of gravity ; 

Li = 0™ '970, distance of centre of gravity from the centre of the horizontal shaft ; 

/ = 0<" *365, length of the small levers ; 

Pi = 18"* , weight of the lever reduced to its centre of gravity; and 

/j = 0°* ' 200, distance of centre of gravity from the centre of the horizontal shaft ; 

the pressure produced by the lever is equal to Q| = — ~ — ^-^ ; or substituting again 

,. . , r^ 744 x 2065 -f 80 x 097 -f 18 x 02 ..^,^^ , -,oo 

the given values, Qi = o-'^irr ~ 4431^*67, or very nearly 4482 

kilogrammes. 

Adding again the effective weights of the suspension-rods n n, of the bolts for the joints of the 
wedges, &c., equal to 53 kilogrammes, we get the total pressure produced upon the wedges, 

Q, = P, = 4432 + 53 = 4485 kilogrammes. 

Taking, finally, the angle formed by the two parts of the wedges at the moment the brake is 
applied, a = 19°, therefore /3 = 80° 30', and /i = 0-18 the coefficient of fHction of the wedges, 

we get altogether the considerable pressure of Q. = — --- — --.-4r-. ^^ — X P«, or 

2(H-/itang. ^) 

^ tang. 80°^ ^2x -18 + Q-^^^IS. 80°30' ^ ^ ^.^ ^ ^^ ^ ijjoS ldlog»mm<», 

^ 2(1 + 0-18 X tang. 80° 30') ^ ^ ^ 

Q 12105 
which gives a pressure upon each brake-block of - = — j— = 3026 kilogrammes. 

This pressure is considerably increased by the impulse given to the blocks from the wheels as 
they rotate ; according to experiments made with the pressure or coupling rods s «, it can be taken 
AS 4500 or 5000 kilogrammes. Now, if the coefficient of friction of tne block be put equal to 0*4, 
the effort of this friction will be T = 4500 x 0*4 = 1800 kilogrammes, which is much greater than 
the adhesion of the wheels. 

Time required for the Action of the Brake. — Although the stopping of wheels by means of screw- 
brakes is generally considered a slow operation, yet stopping a train by Stilmant's system Ib an 
exception, on account of the rapidity of its action, which is as prompt as in the best oonatructions, 
while at the same time it possesses many other advantages. Besides, the small space between the 
brake-blocks and the tires of the wheels very much facilitates the quick and effective action of 
Stllmant's brake. 

Supposing now that in a well-constructed brake the distance between blocks and tires is 
equal to O*" * 003, and taking the play between the axle-boxes and the plates in which they move 
to equal 0°''003, we find : — ^That the friction between the blocks and the tires of the wheels only 
commences when the blocks will have passed through a distance of 0"**003 {a)\ and that the 
braking of the wheels takes place immediately after a distance of 0™*006 (which may be less) is 
passed (6). 

It is thus neoessarv to determine the distance B B| = C C|, Fig. 1229, which the wedges have to 
travel before the blocks touch the wheels. 

1229. 



For this purpose wo find in the triangle E D F, at first, that E = -^ = 11° 30', and DF = 0»-003; 

next, that E = — = 9° 30', and D F = 0'"-003; and consequently (a) for the contact between 
blocks and tires; EF = BBi = DF cotang. E, or B B, = 0003 cotang. 11° 30* = 0—01472, 
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rested upon the sorfaoeSy and a perfect unifonnity in the action of the fuze was attained. The 
priming composition consisted of fine-grain gunpowder, which had been soaked in an alcoholic 
aoluiioD of chloride of calcium, of a strength sufficient to impregnate the grains with from 1 to 2 
per cent, of that salt. Tlie prepared powder was exposed to the air for a short time, to permit of 
a sufficient absorption of moisture by the deliquescent salt. 

Upwards of 500 quill fuzes, of the description employed for firing guns, primed with the pre- 
pared gunpowder and fitted with the arrangement of the terminals above referred to, were fired 
with the large lever-magnet. The failures did not amount to more than 8 per cent., and were 
all proved to be due to defective manufacture. 

This fuze was found to be easy of manufacture and permanently effective. While, however, it 
presented a certain means of efiecting the ignition, by the aid of a powerful magnet, of single 
charges, or of a large number to be fired in moderately rapid succession, it was inapplicable to the 
ignition, with certainty, of more than one charge in circuit. 

A new description of priming material for the fuze was prepared soon afterwards, which greatly 
exceeded in sensitiveness any of the other compositions hitherto tried. A very gradual separation 
of the armature from the large magnet sufficed to effect the ignition of the fuzes primed with this 
material, and the induced current obtained by means of a very small magnet, with a rotatory 
armature, such as that employed in Wheatstone's magneto-electric telegraph, was sufficiently 
powerful to produce the same result. 

The fuze-head, which is of box-wood, contains three perforations, Figs. 1196 to 1198 ; the one 
passing downwards through the centre receives about 2 in. of double insulated wire a a. Figs. 1199, 
1200, two copper wires of 24-gauge, 0'022 in. diameter, enclosed side by side, at a distance of 
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•fg in., in a coating of gntta-percha of \ in. diameter : the other two perforations, which are parallel 
to each other on each side of the central one, and at right angles to it, serve for the reception of 
the circuit wires. The arrangement for securing the connection of these with the insulated wires 
in the fuzes is as follows : — 

The piece of double covered wire above referred to is originally of a sufficient length to allow 
of the gutta-percha being removed from about 1^ in. of the wires. These bare ends of the fine 
wires, which are made to protrude from the top of the fuze-head, are then pressed into slight 
grooves in the wood, provioed for their protection, and the extremity of each is passed into one of 
the horizontal perforations in the head, in which position it is afterwards 
fixed by the introduction into the hole of a tightly-fitting piece of copper 
tnbe, so that the wire is firmly wedged l^tween the wood and the 
exterior of this tube, and is thus at the same time brought into close 
contact with a comparatively large surface of metal. It wifi be seen that 
it is only necessary to fix one of the circuit wires into each of these tubes, 
in the opposite sides of the fuze-head, in order to ensure a sufficient and 
. perfectly aistinct connection of each one of them with one of the insulated 
wires in the fuze. 

The extremity of the double covered wire, which protrudes to a 
distance of about f of an in. from the bottom of the fuze-head, is pro- 
vided with a dean sectional surface by being cut with a pair of sliarp 
scissors, care being taken that the extremities of the fine copper wires are 
not pressed into contact by this operation. 

A small cap of about ^ an in. in length is then constructed of thick 
tin-foil, Figs. 1199, 1201, into which is dropped about 1 grain of the 

Sliming material. The double wire is then inserted, and pressed firmly 
own into the cap, so that the explosive mixture is slightly compressed 
and in dose contact with the surfaces of the wire terminals. 

The cap is fixed bv winding a piece of twine once or twice round 
its upper part, tightemng the ends of this, and then removing it. The 
actniJ fuze is then ready for enclosure in a small charge of gunpowder. 
Figs. 1202, 1203. The powder is contained in a paper case tied on to 
the head, or in a cylinder of sheet tin, tightly fitting on the fuze-head 
at one end ; the other, after the introduction of the powder, being closed with a plug of day or 
plaster of Paris. 

It it adyisable to haye the fuzes ready fitted with pieces of insulated wire about 2 fL 
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in length, twisted together as shown in Fig. 1205. The ends of the wires, after they are passed 
through the connecting holes in the foze-head, should be tightly fixed in their position by the 
introduction of a short piece of copper wire. ^204 1205. 

The phosphide of copper fuze for firing cannon, Fig. 1204, 
differs slightly in its construction from the mining fuze. The 
fuze-head is longer than in the latter, and of such a form that the 
double covered wires, which are fitted into it in the manner 
already described, are completely enclosed in it, the lower ex- 
tremity of its central perforation still remaining free to receive 
the top of the quill or copper tube charged with powder, like 
the oroinary tube arrangement for firing cannon. 

The priming material contained in the fuze is prepared by 
reducing separately to the finest possible state of division the 
sub-phosphide of copper, sub-sulphide of copper, and chlorate of 
potassa, and then mixing these powdered substances very inti- 
matelv, in the proportions of 10 parts of the first, 45 of the 
seoono, and 15 parts of the third, by rubbing them well together 
in a mortar, with the addition of sufficient alcohol to thoroughly 
moisten the mass. The mixture is afterwards carefuUy dried, ana 
may be safely preserved in closed vessels until required. 

In the experiments subsequently carried on with fuzes which 
contained this composition, it was found that a slight residue, con- 
sisting principally of the coke employed, occasionally remained on the surfaces 
of the terminals in the fuze after its discharge, and, by forming a good con- 
ducting link between them, interfered with any further effects of the magnetic 
current in other directions, by the establishment of a complete circuit. 

The obstacle to the complete success of. the composition was entirely re- 
moved by the substitution of another material, more easily acted on by the 
chlorate of potassa than the coke, and answering equally well with the latter 
as a conducting medium, namely, the sub-sulphide of copper. 

No instance has occurred in the discharge of several thousand fuzes, 
primed with the mixture of sub-phosphide and sub-sulphide of copper with 
chlorate of potassa, in which the terminals have not l^en found quite free 
from adherent residue after the ignition. 

The sub-phosphide of copper, which is produced at an elevated tempera- 
ture, is a compound of very stable character, and the mixture of the three 
constituents is quite as unalterable as the explosive mixtures which are in 
general use for the preparation of percussion caps, and so on. The stability 
of the mixture has been submitted to very satisfactory tests. Fuzes primed 
with it have lost none of their delicacy and certainty when tried more than 
two years after preparation. See Atomic Weights, p. 195. 

The sub-phosphide of copper, intimately blended with chlorate of potassa, 
forms a mixture in a high degree sensitive to the effect of heat, and possessed 
at the same time of some power of conducting electricity. With the employ- 
ment, however, of magneto-electric machines of comparatively low power, 
and in cases where the resistance to be overcome by the current is considerable, this conducting^ 
property is not sufficient to ensure the ignition of the mixture by assisting the passage of the* 
current across the interruption in the metallic circuit — across the small distance between the ter" 
minals of the wires in the fuze. It must be borne in mind that the striking distance, or the sptie^ 
between the terminals, across which the current from even a powerful magneto-electric machine will 
leap, is very small. With the large lever-magnet the spark could only be produced when the wti8» 
were almost in contact. Since, however, it is indispensable to the proper insulation of the wires in the 
fuze arrangement that the terminals should be at least -j^ of an in. apart, it will be readily undBr' 
stood how essential to success in operations with these machines it is that the priming material 
should possess considerable conducting power. Hence the necessity of increasing the conducting 
power of the mixture of sub-phosphide of copper and chlorate of potassa ,* a result which it has 
been already stated was attained in the first instance by the employment of finely powdered coke, 
and afterwards by the substitution of sub-sulphide of copper for that substance. 

Many experiments were of course required to determine the proportions in which it was advisable 
to employ the conducting constituent, so as to facilitate the passage of the current through the 
mass as far as possible, without interfering too much with the sensitiveness of the explosive 
mixture, or producing an almost perfectly continuous connection between the two poles in the 
fuze, and thus promoting the passage of the current so greatly as to prevent the ignition of the 
composition. 

Considerable difficulties were encountered in the endeavours properly to balance these conditions, 
when attempts were made, which will presently be mentioned, to apply the mixture in question to 
tlic ignition of several charges in circuit. The increase in the resistance of the current, consequent 
on the introduction of more than one interruption in the metallic circuit, necessitated an increase 
in the conducting power of the mixture, which it was difficult to attain, unless at a considerable 
sacrifice of the sensitiveness of the composition. 

It was consequently found that when the proper conditions had been attained for ensuring the 
pcwsage of tlie current through several — five or six — fuzes in circuit, the absolute certainty of the 
fuze, when applied in this manner, had been sacrificed. Thus, out of several fuzes tried together, 
which had been most carefully prepared, so as to be as far as possible perfectly alike, the current 
would ignite a few, passing througn the others without affectmg them, and would thus point to 
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miniite differenoeB in the oonductmg powers and senBitiveness of different portions of one and the 
nine quantity of the mixtore, which was prepared in such a way as to ensure the greatest possible 
nnifonnity. 

The rraults of many experiments established the fact, that the proportions of ingredients already 
referred to furnished a mixture possessed of the highest conducting powor attainable without 
detriment to the sensitiveness or ready explosiveness of the materiiiL The certainty of its action, 
when applied in the fuze, to the explofdou of a single charge, by employing a permanent magnet 
instead of a battery to Establish the current, has been proved by the ignition of several fuzes, 
without faUure. See Figs. 1193, 1194. 

Experiments, made with the aid of this composition, cstablijihed the fact that the current 
obtained by means even of a very powerful permanent magnet, when applied to the ignition of 
serend charges arranged in succession in one circuit, is very limited in its powers. In iUustration 
of this it mav be stated that, on trial being made of twenty-one consecutive sets of four charges, 
ffigbteen of the sets were perfectly discharged : but, in the other three sets, only two or three of 
the charges were ignited. Out of five sets, of five charges each, only two sets were completely 
diaoharged; and in several attempts made to ignite six fuzes in one circuit, only four were fired 
[n each case. In all these experiments, when charts had escaped ignition, the current had passed 
khzoagh the sensitive composition without firing it. When the discharged fuzes were removed, 
and the remaining ones properlv connected, they were all fired. 

It baa been already stated that no beneficial effects were attained by modifying the pro- 
portioDB or ingredients in the priming composition, so as to diminish or increase its conducting 
power. 

Three charges were therefore the most that could Ix) ignited with certainty by means of a 
powerful electro-magnetic machine, when they were arranged in succession in simple circuit. 

The plan, originallv suggested by M. Savare, of arranging the charges in divided circuits, was 
next tried, and furnished far more successful results. The simultaneous ignition of twenty-five 
chargea was repeatedly effected by means of the large magnet, each charge bi>ing connected with a 
■eparate branch attached to the main line, which led from one pole of tlio magnet, and their 
annectkm with the earth established by means of uncovered copper wire, the extremity of which 
Via wound round an iron stake driven into the ground. 

A still larger number of charges (forty) was similarly exploded on several occasions. 

Theae results were all obtained with the largo magnet, the current being established by rapidly 
lepazating the armature from the poles by means of a lever. By a simplo arrangement for shifting 
the connection of the main wire with the exploded charges, from them to a second series, similarly 
irranged, twenty-five were also simultaneously ignited, on allowing the armature to return to the 
)Qlea €i the magnet. It was found, moreover, that the same numix>r could be fired by means of 
'hi» magnet, even if two folds of thick brown paper were interposed between the pole« and the 
Lnnatme, so that on depression of the lever the armature had no longer to be forcibly detached, but 
imply to be removed from the magnet 

Theae snooessful results led to trials of magneto-electric machines of comparatively small size, 
Hih rerrdving armaturea In the employment of these machines, it was of course not expected 
iiftt any single induced current obtained from them should distribute itself among a nimiber of 
^uea plaosd m divided circuit, as was the case with the comparatively much more powerful current 
sbtained with the large magnet ; but it was hope<l that the very rapid succession of currents fur- 
oiahed by them would produce a very similar result, by distributing themselves over the different 
bnoichea of the drouit with which the fuzes were connected, and that tlie ignition of the whole of 
the fosea, though it could not be so positively instantaneous as when the one current was discharging 
tlie entire number, might yet be effected with such rapidity as practically to amount to a simul- 
taneooa diaoharge. 

TbB results obtained fully confirm these expectations. With a small horse-shoe magnet, 7 in. 
in lencth, 1 in. in breadth, and If in. in thickness, provided with a revolving armature and 
multiplying wheels, by which great rapidity of motion could be attained, twenty-five charges were 
filed ; ine effect of the discharge on the ear was, however, not like that of one single explosion, as 
'Via liie oaae in the fbrmer experiments, but like that of an exceedingly rapid volley, in which the 
eqdoaioQ of any single charge could not be distinguished. 

Still more favourable results were obtained with a very compact arrangement of six magnets, 
Siefa about half the size of the above, devised by C. Whcatstone, for the production of an extremely 
Hpid Boooeaaion of currents, established in such a manner that the effect would be almost equal to 
eontinnona current. 

It oonaisted of six small magnets, to the poles of which were fixed soft iron bars surrounded by 
olla of insulated wire. The coils of all the magnets were united together, so as to form, with the 
eternal conducting wire and the earth, a single circuit. An axis carried six soft iron armatures 
b aoooeaBion before each of the coils. By this arrangement two advantages were gained ; all the 
nagneta simultaneously charged the wire, and produced the efl'ect of a single magnet of more than 
dx times the din^nsions, and at the same time six shocks or currents were generated during a 
angle revolution of the axis, so that, when aided by a multiplying motion applied to the axis, 
i very rapid succession of powerful currents was produced. A single large magnet with a rotating 
innatoTB could not be made to produce the same succession of currents without the application of 
xmaiderabiB mecluuiical power. Another peculiarity of this apparatus was that the coils were 
itationaiy, and the soft armatures alone were in motion ; by this disposition the circuit during the 
ictkm of the machine was never broken. In the usual magneto-electric maoliines with rotating 
aimatnrea the circuit is necessarily broken twice during every revolution, and this fretiuently gives 
lias to irregularities in the production of the ciirrcsnts. By the ooiuitruction adopted, the currents 
esn never mil to traverse the circuit. It muni be borne in mind that our account of this investi- 
gatkm ia taken, with some alterations, from an inflated report to the Secretary of State for War, 
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bj Wheatstone and Abel. Such documentB are generally cooked np. See * ProfeoBifliiBl Papen 
of the C.R.E.,' vol. x. 

The total weight of the instrument, enclosed in a case, was 32 lbs. 11 oz. It was eDcloeed for 
tranBport in a small packing-case, weighing about 7 lbs. 

Tne system of firing charges by means of magneto-electricity, with the aid of the phosphide of 
copper fuze, having been thus far successfully developed, a series of experiments was instituted on 
it at Chatham, for the purpose of thoroughly testing its certainty and applicability in the field, and 
subsequently for ascertaining the extent to which it admitted of application to the explosion of 
submarine charges. These experiments extended over a period of six months, and were perfonned 
under various conditions of weather. 

The magnetic apparatus employed in all the field experiments was so arranged that the wIk^ 
apparatus was enclosed in a box, the only exposed portions being the binding-screws for the attachr 
ment of the wires, a handle for setting the armatures in motirai, and a key, by the depresBiaQ of 
which, at a given signal, the circuit could be completed. 

To employ the instrument at any moment, the foUowing were the opeiatioDS necessary : — 

The insulated wire and the copper wire passing to the earth (the earth taking the place of 

by m< 



the return wire) were fixed to the apparatus by means of the binding-screws ; the instrument 
raised from the ground by being placed on its packing-case ; at that height a man could opente 
with it when in the kneeling posture. 

At a signal ready, the handle was turned with one hand, so as to cause the armatures to revolve 
with the greatest possible velocity ; whilst the other hand was pressed against one comer of the 
instnunent, close to the key, so as to steady the box, and to be ready at the signal fire to depieM 
the key with the thumb. 

The connection of the instrument with the earth was effected as follows : — ^ 

A moderately clean spade was selected fW)m among those used by the men in digging holes fat 
the charges. One end of a piece of stout copper wire was placed under the edge of the spade, in 
such a manner that when the latter was firmly forced into the ground it was pressed by the earth 
on both sides against the iron surface. The protruding wire was wound once or twice round the 
bottom of the spade-handle, and then attached to the binding-screw of the permanent magnet. 

The gutta-percha-covercd wire used in the experiments having been in occasional service si 
Chatham for some years, the coating had sustained some injury in two or three places. Such 
defects were protected from possible contact with the earth by means of waterproof doth or sheet 
india-rubber. The total length of wire used was 881 yds., of which 6(K) were extended, lying along 
the ground. 

To the extremity of the covered wire a number (from 12 to 25) of pieces of similar insolated 
wire, varying in length between 3 and 6 yds., and serving to connect it with the individosl 
charges, were attached in the following manner : — About 6 in. of the extremity of the main wif0 
and of each of the branch wires were laid bare, and cleansed ; the end of the former was thes 
surroimded with those of the latter, placed in an opposite direction, and the whole ti^ith 
twisted together by means of pliers, so as to be brought thoroughly into metallic contact with each 
other and with the main wire. The twisted wires were then bound round with moderately fine 
copper wire, which was made to bring every portion of tiie exterior of the bundle into conne^iao. 
The joint was made rigid with pieces of stick tied against it, and the whole securely enveloped in 
a piece of waterproof cloth or canvas, to protect it from damp and contact with the earth. 

These connections, though of a very rough description, and most readily prepared by any 
soldier, were thoroughly effectuaL No instance occurred in the whole of the experiments of the 
failure of a charge which could be attributed to an imperfect metallic connection of its branch 
wire with the main wire. 

The following was the method adopted for connecting the fuzes with their respective branch 
wires and with the earth : — 

The fuzes, as they wore manufactured, were always fitted, as shown in Fig. 1205, with two 
pieces of covered wire twisted together. They were thus n»dy for insertion into the bag or other 
receptacle containing the charge of gunpowder, the ends of the covered wires protmding ftom the 
opening of the latter to a convenient distance for effecting the junction with the branch and earth 
wires, so that a complete galvanic circuit might be established, whidi was excited by the permanent 
magnet. The extremities of one of the other fuze-wires and of a branch wire, firom both of which 
the gutta-pereha was removed to a distance of about 2 in., were connected by hooking them 
firmly one in the other with pliers, in the manner shown in Fig. 1206. A piece of fiboe copper 
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binding wire, about 6 or 8 in. in length, was then twisted over the whole of the oonneetioii, 
and the joint was finallv enclosed in a small wrapping of oiled canvas, in a manner similar to that 
adopted at the principal junction with the main wire. 

The extremity of the other fuze-wire was attached to an uncovered copper wire of soffioienf 
length to bring the whole of the charges into connection with each other in this manner. The 
wire was fixed in a convenient position by being twisted round short stores or pickets driven into 
the ground, and its extremities were buried in the earth, being attached either to spades, as already 
described, or to zinc plates about 8 in. square. 

With reference to the earth-connection, the employment of large metallic surfaces was also 
proved, by repeated experiments at Chatham and Woolwich, to be superfiuous. The simple inaer* 
tion into the ground of the uncovered extremities of the fuze-wires was found to afford a per^ 
fectly sufilcient connection for ensuring the ignition of the charges. 
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The largest munber of ohnrees which it was attetnpted to fire at oaoe at Chatham was twenty- 
flTe. The ignition of twelve charges was rep*»tediy effected, and with such rapidity ea to have 
the practical efl^ of a Eimaltaneoua diiicharge of the whole. With twenty-flvo charges the interval 
between the flist aod last discharge wag very decided, beiog certainly longer than when the game 
Domber of charges were fired at Woolvich with the employiDeat of a greater length of wire, of 
which, hoirever, the larger portion waa miled up, the space between the carth-coouections being 
only abont one-half of that intmduced at Chatham : yet it was considered that even the ignition 
of the twenty-flTe charges, at a distance of 600 yds. from the magnet, and with the employment of 
8BI yds. of oovered wire, and. !□ addition, about 100 yds. in the form of branch wires, was effected 
with suQicieDt rapidity to allow of that nmuber hcing employed in cases where a simultaneous 
diacharge was rtquiroi 

Another instance of the apparent effect of increased resistance, in the form of an increase in the 
length of wire laid out, ia diminishing the rapidity of discharge, waa observed in the employment 
of one branch wire of four or five times the length of the others. A distinct interval was noted 
between the eiplosioa of the other eleven charges and that of the one attached to the longer branch 
wire. 

Experiments were made to ascertain whether, to complete the circuit, the employment of a 
■eoond insulated wire, in the place of 600 yds. of earth-connection, would modify the rapidity of 
ignition of a nmnber of charges^ but no difference of effect waa observed. 

It need scaroely be stated that, in dealing with electricity produced by a permanent magnet, 
defects in the insulation of the main and branch wires had to be very carefully guarded against. 
Several failures in the Srtt experiments were eventually traced to some defect of that kiniL Ad 
instance even occurred, before the proper method of protecting the connections of the charges with 
the insslated wires was adopted, in which the deposition of moisture upon the gutta-perchanyivered 
wiie, netu the charge, prevented the ignition of the latter, by forming a connecting link between 
the extremity of thia wire, where it was exposed and attached to the fuze, and the niiixiTered wire 
leading to the earth, in consequenoe of the two wires being in contact at a distance of several inches 
from the fuze. 

It is therefore always a preliminary preeaution of primary importance that the insnlating 
ctnering of the wiie to be em|doyed be carefully inspected while the latter is being hud out for ose. 
aad that any imperfections be protected from possible contact with the earth or from the access of 
moistnT^ a result readily attainable by the application of some waterproof envelope to the injured 

The experiments instituted at Chatham with the object of applying the carrent produced by a 
permanent magnet to the ignition of labimo-iiK charges were attended with greater ditSculties than 
those which served to test uie syntem in its application to land operations ; neverthelesB, the results 
ultimately attained were also of a character to lead to definite and bvourable conclosions. 

The method of establishing the connections of a charge with the wire and the earth difibred 
natnraUy in some respects from the mode of proceeding already described. 

The charges of powder were contained in caniatciH of block-tin carefully soldered so as to be 
wateo-tlght. Any vessels of this material, such as turpentine cans, may be employed, provided 
theybe perfectly coated inside with marine glue, or some other description of vamub. 

The rnze, with two wires attached as before, 
the one a few inches longer than the other, was """ '"*• 

inserted into the charge, and fixed in its proper 
position in the canister by means of a loose-flttmg 
bong, pushed a little distance into the neck, and 
ent on one side, so as to admit of the passage of 
the longer insulated wire, while the bare part 
of the ahorter wire was firmly pressed by the 
wak against the insidB of the neck. The latter 



wiie was bent back over its aide, so as to be 
in eloM eonlaet with tiie metal surface In this 
MMiiier ttke encloaed Rize was brought into good 
metaUfe oonneotion with the vet earth or water 
by which the canister would be surrounded. Bee 
Kg. 1207. 

The insulated wire projecting ^vim the month 
of the canister was connected with one of the 
btftnch wires in Uie manner already described ; 
but, in order thoroughly to protect i" 



> which it would become im- 
uened, a piece of volcanized india-rubber tubing 
of snitable length, and a tin tube laUier longer 
and wider than the latter, were slipped on to 
the branch wire, before it was joined to the 
foxe-wire ; and when the junction had been 
efleoted, the india-rubber tube was pulled over 
il^ and tied very firmly at both ends on to the 
Bnttsk-pacha covering of the wires. See Fig. 

A smkll quantih of oement, consisting of beeswax and turpentine, was rubbed in between the 
ntta-wnba ud the Aoda of the india-robber tube, so u thmoughlj to enmra the exolnsion of 
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water ; and finally the tin tube was pulled over the {oint, and fixed by oompreesing the enda, for 
the purpose of imparting rigidity to the junction, and thus protecting it from injury by a raddm 
twist or strain. By these arrangements the perfect exclusion of water from the chiurge, and from 
its connection with the branch wire, was efiected. In an equipment prepared for effecting sub- 
marine explosions, by means of an electric current established by a permanent magnet, in China, 
stout bags of vulcanized india-rubber were provided for the reception of the charges. These ba^ 
were fitted with sockets and screw-plugs of gun metal. The fuzes furnished for use with theee 
bags were attached to two pieces of covered wire, about 18 in. long, which were enclosed side hj 
side in a cylindrical plug of gutta-percha, Fig. 1209, about 4 in. long, and carefully made to form 
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one mass with the coating of the enclosed wires. This plug was made to fit pretty tightly into 
a thick washer of india-rubber contained in the socket of the bag. An inner sorew-socket, whioli 
was brought to bear with great force upon a metal ring resting on this washer, when ^e plug 
had been inserted, compressed its internal surface against the latter in such a way as to ensue a 
perfectly water-tight Joint. 

The first trials of these charges were made in a shallow canal with a mud bottom, and from 
which at the time of experiment the water was receding so rapidlv, that before the whole of the 
charges had been immersed several of them were left half-imbedded iii the mud. Twenty-five 
charges were arranged, of wliich thirteen were exploded, though less rapidly than in the experi- 
monte on land. On the next occasion, when twenty-five charges were regularly sunonnded Ijy 
water, simply resting upon the firm bed of a pond of some depth, only four of &e charges wen 
exploded. Several other attempts were made to fire a small number of (ten ikud five) chaz|;Qi 
similarly immersed, but in every instance only four were ignited. A careful examination into the 
cause of the invariable explosion of so comparatively limited a number of charges nnder water led 
to the following explanation. 

It will be remembered that the explosion of numerous charges in a divided cirooit by the 
magneto-electric apparatus with revolving armatures is effected by the action of an exceedingly 
rapid succession of currents. The rapidity with which they follow each other, however great, 
cannot equal that with which the terminals of a fuze, exploded in a small charge under water, 
come into contact with the latter after the explosion. The instant this ooonrs a complete dicnit 
is established through the water, and any further action of the currents is at once arrested. 

By the time, therefore, that four charges had been ignited in extremely rapid suooeasion, ao as 
to be apparently exploded at once, a sufficient interval of time had in reality elapsed to allow the 
water to re-occupy the space filled for a brief period by the gaseous products of the first ezploeaoD, 
and thus to rush in upon and complete the circuit with the temunals of the fuze. The piece 
of soft iron K, when attracted by the temporary magnet 21, shown in Fig. 1193, is termed an 
armature. 

It is believed that charges are generally so arranged for submarine operations as to be partially 
or completely surrounded by the objects upon which the force of the exploding charge is to be 
exerted, and that they are even at times firmly fixed in their position by being partly or wlu>lly 
imbedded in sand, mud, or some similar material. In such cases the resistance to be overoome 
by the explosion is greater than if, under conditions otherwise similar, the charges were simi^yin 
direct contact with the water, and hence the interval is increased which must elapse before the 
water can complete the circuit of electricity. 

The results of some experiments made at Chatham appear to show that, under such droam- 
stances, the number of charges ignited at one time by the magneto-electric apparatus must be 
greater than if they were simply immersed in water. One experiment has aheady been mentioned, 
in which thirteen charges out of twenty-five were exploded at one time, most of them being 
imbedded in mud. 

On another occasion the charges were placed in small pits filled with water, the canisters being 
covered in with mud beneath the latter. Nine of the charges were fired ; the branch wire of the 
tenth was accidentally severed at the moment of the explosion, from its lying across one of the 
pits. 

An attempt was made to fire simultaneously fourteen charges similarly arranged, by the onzrent 
obtained from a largo lever-magnet, but only seven were exploded ; the other seven were fired 
on a second trial. It should be mentioned that the length of extended wire and the interval 
between the earth-connections were greater in these experiments than in those made at Woolwich 
with the large magnet, in which twenty-five charges were fired with perfect certainty by the single 
current obtained from it. Possibly the very great difference in the results obtained m^ht have 
been partly due to some minute defects in the insulation of the branch wires employed at Chatham, 
which escaped notice on the inspection of the wires, but sufficed to diminish the intensity of the 
current when these were immersed in water. 

It is most difficult, even in a long-continued series of carefully-observed experiments, to separate 
the pure results furnished by the application of a system, from results whidi are brought about, 
or at any rate greatly modified, by accidental circumstances. It appears, however, apart £rom the 
latter, t)iat in the application of electricity (whether frictional or magnetic) to tJhe explosion of 
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charges the effects to be produced by the current are modified by the resistance offered to it in 
its passage along wires of very considerable length, and that tlie effects of the current seem 
yery much less when the insulated wire is extended than when it is employed in the form of a 
coil. 

The retardation in the explosion of several charges in divided circuit by a rapid succession of 
currents, and the diminution in the number of charges fired by one single powerful current, both 
of which results were repeatedly noticed in the course of the many experiments with the galvanic 
battery, and with the permanent magnet, could only be ascribed to modifications in the intensity 
of the electricity by the greater resistance which is encountered. 

Robert Hare, Professor of Chemistry in the University of Pennsylvania, was the first who 
applied electricily to the explosion of mines. Hare found, if an elec- 
tric current of sufficient force was established in a circuit (X Y Z, A 
Fig. 1193) of copper wire by either a permanent magnet, or galvanic 
battery, that a short piece of iron wire (Q, Fig. 1193), much thinner 
than the copper wire, making part of the circuit (PR, 23, Fig. 
1193X was burnt, and exploded gunpowder and other explosive 
substances through which the iron wire was made to pass. Harass 
disooveiT' may be practically applied by the following simple pro- 
cess: — Two copper wires, AB, CD, Fig. 1210, being procured, 
about 1^ in. in diameter and 10 ft. in length, well covered with 
silk or cotton tarred, so that their insulation may be good. These 
wires are twisted together for a length a 6 of 6 in., care being taken 
to leave their lower extremities, at B and D, free, for a length of 
about ^ an in. (separating them about } an in.) ; from the extremities 
B, D, the insulating envelope must be removed ; and a fine iron wire 
is stretched between B and D. Metallic contact must be established 
between the iron and the copper. The upper extremities A, C, of 
the two copper wires are connected with a circuit. For example, if 
A, Fig. 1210, be connected with P, Fig. 1193, and C with R, the 
iron wire B D will be consumed as soon as a galvanic or electric 
current, sufficiently powerful, is established by inserting the contact- 
peg, M, Fig. 1193. 

Explosive Compounds Employed in Blastinfj. — Nitro-Ghjcerine is a 
most powerful explosive agent, and although not extensively used 
in England, it has been most successfully employed on the Continent and in America, it was dis- 
covered by Ascagne Sobero, an Italian, in 1847, but its practical application to mining purposes 
is principally due to the researches of Alfred Nobel, a Swedish mining engineer. 

Nitro-glycerine is made in the following manner : — Fuming nitric acid (sp. gr. about 1 • 52) is 
mixed with twice its weight of the strongest sulphuric acid, in a vessel kept cool by being sur- 
rounded with cold water. When this acid mixture is properly cooled, there is slowly poured into it 
rather more than one-sixth of its weight of syrupy glycerine ; constant stirring is kept up during the 
addition of the glycerine, and the vessel containing the mixture is maintained at as low a tempe- 
ntuze as possible by means of a surrounding of cold water, ice, or some freezing mixture. It is 
necessary to avoid any sensible heating of the mixture, otherwise the glycerine, which is the sweet 
principle of oil, would be, to a considerable extent, transformed into oxalic acid. When the action 
ceases, nitro-glyoerine is produced. It forms on the surface as an oily-looking fluid, the undecom- 
posed sulphuric acid forming the subjacent layer, owing to its greater specific gravity. The whole 
mixture is then poured, with constant stirring, into a large quantity of cold water, when the relative 

riifio gravities become so altered that the nitro-glycerine subsides and the ililuted acid rises to 
surface. After the separation in this manner into two layers is effected, the upper layer may 
be removed by the process of decantation or by means of a siphon, and the remaining nitro- 
glycerine is washed and re-washed with fresh water till not a trace of acid reaction is indicated by 
blue litmus paper. The final purifying process, pursued by Nobel, is to crystallize the nitro- 
glycerine from its solution in wood naphtha. This final process is not necessary when the com- 
pound is to be used at once. 

As prepared in this manner, nitro-glycerine is an oily-looking liquid, of a faint yellow colour, 
perfectly inodorous, and possessed of a sweet, aromatic, and somewhat piquant taste. It is poison- 
ous, small doses of it producing headache, which may also be produced if the substance is absorbed 
into the blood through the skin, and hence it is not desirable to allow it to remain long in contact 
with the skin, but rather to wash it off as soon as possible with soap and water. Glycerine has a 
specific gravity of 1*25-1 -26, but the nitro-glycerine has a specific gravity of almost 1*6, so that 
it is ft heavy liquid. It is practically insoluble in water, but it readily dissolves in ether, in ordi- 
nary vinic alcohol, and in methylic alcohol or wood spirit. If it be simply exposed to contact with 
fire it does not explode, although it is so powerful as an explosive. A burning match may be 
introduced into it without producing any explosion ; the match may be made to ignite the lu^uid, 
but combustion will cease as soon as the match ceases to bum. Nitro-glycerine may even be burned 
by means of a cotton wick or a strip of bibulous paper, as oil from a lamp, and as harmlessly. It 
remains fixed and perfectly unchanged at 212^ Fahr. ; if heated to about 360°, however, it explodes. 
It detonates when struck by the blow of a hammer, but only the part struck by the hammer ex- 
plodes ; the surrounding liquid remains unchanged. 

As the carriage of nitro-glycerine is dangerous, many trials have been made to render it 
inexplosive, and to restore its explosiveness with equal readiness. NobePs method of making it 
inezplosive is at once simple and effective. It is to mix with it from 5 to 10 per cent, of wood 
n»irit, when all attempts at exploding it are rendered utterly futile. Five per cent, of methyl- 
aJoQliQl is said to be amply suflicient to transform the nitro-glycerine into the inexplosive or pro- 
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tected state, but Nobel now always adds 10 per cent, before sending any of his blasting liquid into 
the market. 

The transformation of protected into ordinary nitro-glyoerine is effected by thoionghly agitating 
it with water, and allowing the mixture to settle for a short while. By this means the water dis- 
solved out the methyl-alcohol, and the mixture of spirit and water readily rises to the surface, in 
virtue of its low specific gravity, and can be removed by means of a siphon, or by simply pouring it 
off. The blasting liquid is now ready for use. It would seem that the methyl-aloonol is by tiiis 
means sepcurated very readily from the nitro-glycenne held in solution by it. If protected blasting 
liquid be kept in a closed vessel, it will remain in that state for an indefinite period of time, and 
ready at any moment to be reduced or rendered fit for action ; if, however, it be exposed in an open 
vessel, it will regain its explosiveness, in periods of time proportionate to the amount or degree of 
exposure. 

The chief advantage which nitro-glycerine possesses is that it requires a mnch smaller hole or 
chamber than gunpowder does, the strength of the latter being scarcely one-tenth that of the fonner. 
Hence the miner's work, which, according to the hardness of the rock, represents from fiive to twenty 
times the price of gunpowder used, is so short, that the cost of blasting is often reduced to 50 per 
cent. The process is very easy. If the chamber of the mine present fissures, it must first be lined 
with clay to make it water-tight. This done, the nitro-glycerine is poured in and water after it, 
which, being the lighter liquid, remains at the top. A slow match, with a well-charged pexcamim 
cap at the end, is then introduced into the nitro-glycerine, or a fuze, to the extremity of which ii 
attached a small quantity of gunpowder, fixed immediately over the liquid. The mine may then 
be spnmg by lighting the match, there being no need of tamping. Experiments were made witii 
this new compound in the open part of the tin mines of Altenburg, in Saxony. In one of these, a 
chamber, 34 millimetres in diameter, was made perpendicularly in a dolmnitic rook, €0 ft in 
length, and at a distance of 14 ft. from its extromity, which was nearly vertical. At a depth ot 
8 ft., a vault filled with clay was found, in consequence of which the bottom of the hole was tamped, 
leaving a depth of 7 ft. One litre and a half of nitro-glycerine was then poured in ; it occupied 5 ft. 
A niaU;h ana stopper wero then applied as stated, ana the mine sprung. The effect was so enor^ 
mous as to produce a fissuro 50 ft. in length, and another of 20 ft. The total effect has not yaf^ 
been ascertained, because it will require several small blasts to break the blocks that have ~ 
partially detached by this. 

Nitro-glycerine has, however, one disadvantage. It freezes at a teinperatxire yeiy probably 
above 92° Fahr., and it is said that even at a temperature of 43*^ to 46° Fahr. the oil soUdifies 
an icy mass, which mere friction will cause to explo<le. It is probable, however, that the 
point of the oil lies somewhat lower than is here stated, though as yet no exact determination 
the freezing-point of the oil has been made. A newspaper from Hirschberg, in Silesia, gives a 
account of an accident, caused by the frozen oil exploding by friction. Nitro-glyoerine was 
being used in making a tunnel. It was kept in glass vessels, packed in straw, and placed « 
baskets, each vessel containing one-fourth to one-eighth of a hundredweight of the olL F< 
several days the oil had been frozen. It was carefully handled, and pieces were separated b^^ 
means of a piece of wood, and put into the bore-holes, and it was found that the froaen ni 
glycerine exploded ouite as well as the fiuid. One day an overseer at the shaft hit upon 
unlucky idea of breaking into pieces with a pick a 700 or 800 lb. liunp of the firozen glyoerinc 
The blow caused the mass to explode, and the unfortunate man was blown up into Uie air, 
fell back into the shaft, some 40 or 50 ft. deep, whilst two workmen, who were mitlriTig 
a short distance from him, luckily escaped with slight injuries. 

Dynamite is made by mixing 75 per cent, of nitro-glycerine with 25 per cent, of powdered 
(silica). It has been introduced by A. Nobel, whose researches on nitro-glycerine are so weUF 
known. Dynamite retains all the properties of nitro-glycerine for blasting, but is not dangerous^ 
as it may be handled freely, and does not explode by ^re alone or when accidentally subjected to 
peroussion. In some experiments made by the inventor, a box containing about 8 lbs. of dynamite 
(equal in power to 80 lbs. of powder) was placed over a fire, where it slowly burned away. 
Another box containing the same quantity was hurled from a height of more than 60 ft. on to a 
rock below, no explosion ensuing from the concussion sustained. Kxplosion is produced by meana 
of a percussion cap in the same manner as with nitro-glycerine. 

8chtDartz*8 Blasting Gunpowder. — This powder is now much employed in mining. Its combustion 
is slow but complete. The following analyses show why it is cheaper than ordinary powder : — 

I. n. 

Soluble salts 7455 74*32 

Nitrate of potash 56*22 56*23 

Nitrate of soda 18*30 18*09 

The treatment by sulphide of carbon produced : — 

Dissolved sulphur 9*68 7*61 

Carbon remaining 14*14 15*01 

Moisture 1'78 11 

It is a coarse-grained powder, in which one part of potash nitre is replaced by nitrate of soda. 

In the first instance, one part of nitrate of soda for one part of nitrate of potash was used, but 
it was afterwards found best to employ a third of nitrate of soda. See Abtoian Wells. Battkbt. 
GuNPOWDEB. GuN-CoTTON. Obdnance. Quabbting. Teleobapht. Tunnellino. 

BOTTLING MACHINE. Fb., Machine a mettre en bouteilles; Geb., Pfropfmaschine; Ital., 
Macchina da toppar hottiglie. 

The bottling machine, shown in Figs. 1211, 1212, is chiefly used for soda and other aerated 
waters. It was invented by the late Hayward Tyler, and it is on the continuous principle. The 




BOTTLING MACHmE. 

n Fig. 1211, to Hlii«tr»te the iatemsl 

le parta in Figs. 1211, 1212. Fin- 1: 

alentbm, Fig. 1212 end elevfttioDi one-half of the iron fnune u takea awa; iu Fig. 1211 to show 




u frame on which the wbole of the working ports are flted 



d, wnMlght-iron beam, nith con- 
~ " -lod to crank at one end, 
e rod* to the pump-pia- 
lon irame at the other eud ; t, 
«nnicht-iron cnnk-«liaft, with 
fly-voeel and two handles, >, <, 
which are used when hand-power 
iaapplied; /, bnus wheel to work 
the agitator ; g, copper solution 
pan ; A, r^ulating cocks for g>e 
and water, one only of which ia 
■hown ; 1, gnu-metal pmnp, with 
Mparate nlvee for gas and water 
in the Talre-pieoes, which are 
marked k i. The delivery-vslTe 
ti oo the top of the pump ; /. 
nlid gnn-oietal piston workii 




le condenser 
« intimately mix the gas 
Uldwatv together; n, bottUng- 
pieoe fitted with a acrew-valTe 
and lerer-handle ; o, bottling 
ni[iple : p p, copper pipes, tinned 
innde, one to take the gas and 
water bom the pomp to the con- r 
denser, the other to convey them J 
tnm the condenser to the bot- 
Uing^eoe; ;, aafety-valTe to 
nliere the raeasnre in the ooq-' 
dannr, in which there is also a presBOW^nge, not shown in the flgurea, to indicate the pressore 
(died to the diflbrent aerated waters. S, S, are handles for aetnatlng the machine when wcaked 
hj band. The gas geneiBtoi and gasometer, although not shown In Figs. 1211, 1212, are the 
Mne In all the maoh&iea employed for a similar purpose. 

W. F. DaTidaoa'a bottUng maehine, Fig. 1213, is arranged so that the liquid to be bottled ia 
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drawn from the barrel M through a suction-pipe K by a piston, a yalve L being arranged so 
as to prevent the return of the liquid. The liquid is let into the bottle e from the pump- 
cylinder A through the valve G, which is operated by means of levers and rodB. This valve 
is closed by means of a spring bar acting automatically. The plunger D is reised as soon 
as pressure is removed from the treadle /; thus giving an intennittent motion the work is 
continued. 

BOTTOMING, or BALLASTING. Fb., Empierrement ; Geb., Besteinung, BeschotUirHng ; 
Ital., Imbreuiare Inghxaiare, 

See Permanent way. 

BOULDEB-PAVING. Fb., Pav€en gaht; Geb., RoUsteinpflaster; Ital., Ciottolato. 

See Construction. 

BOULDER -WALLS. Fb., Mur en galet; Geb., Jioastein Maueruferk; Ital., Muratura di 
eiottoli. 

See CONSTBUCTION. 

BOUNDARIES. Fb.. Limite; Geb., Grenze; Ital., C<mfine, 

In making a survey, the boundaries of the counties, parishes, and the several estates, are 
required to be marked correctly thereon ; in ascertaining which, it is generally found neoessaiy 
to procure the services of parties locally acquainted with the ground to be surveyed. 

In the case of* property divided by hedge and ditch, the brow of the ditch is generally the 
boundary ; which, of course, forms the line to be measured. In some districts the roots of the 
ouicks, or the foot of the bank, forms it : a width of 15 links is usually allowed for a hedge and 
ditch, 6 links for ditches between neighbouring estates, and 7 for those nearest roads, that is, from 
the roots of the quicks. See Geodesy. Surveying. 

BOW-COMPASS. Fr., Compos apompe; Ger., Fcderzirkel ; Ital., Compassino da circoli. 

A pair of compasses for describing small circles with ink, is sometimes called a bouHxmpass, 
See Compasses. 

BOW-PEN. Fr., Tire-iigne ; Ger., Reissfeder ; Ital., Penna a serbatoio. 

This pen is often termed a dramng pen : the part of it which holds the ink is formed of two 
cheeks which are bowed out towards the middle, and regulated by a screw. See Compasses. 

BOW-DRILL. Fb., Archelet ; Geb., Drillbogen^ Fidelbogen ; Ital., Trapano ad archetto. 

See Hand-Tools. 

BOW-SAW. Fb., Scie a chantoumery scie en archet ; Geb., Schweifsdge ; Ital., Seghetto, 

See Hand-Tools. 

BOX. 

A cylindrical, hollow iron, used in wheels, in which the axle revolves, is called an axle- 
box. 

A box -drain is a term generally applied to a small drain with vertical sides. See 
Dbainaoe. 

BOXING OP A SHUTTER. 

The part into which a shutter is folded when not required for use. It is formed by the 
inside lining of the sash-frame, the grounds of the architrave, and the back lining. See dash- 

FRAME. 

BOYAU. Fr., Boyau ; Ger., Gang des Laufgraben ; Ital., Bamo di trinciera ; Span., Bamai, 

Boyaux, or boyaus, are small trenches, or branches of a trench, leading to a magazine, or to 
any particular point. See Fortification. 

BRACE. 

A brace is that part of a piece of framing which is subject to tension or compression, such as 
the diagonal bars of a Warren girder. It differs from a strut^ which is subject to oompression ; or 
from a tie^ which is subject to tension only. See Bridges. 

BRACKET. Fr., Falier, console^ tasseau; Ger., Unterlage^ Lager ^ Consol; Ital., Mmtola^ 
Beccatello, 

A bracket is an arm which projects from the face of a wall or post, chiefly used to sustain a 
shelf, roof, cornice, or other overhanging structure. It is usually supported at the outer end by 
a strut, as AC, Fig. 1214. 
The strain tending to pull the 
bearer A B out of its socket at 
B is represented by W tan. a ; 
and that portion of the loacl 
which is transmitted to the wall 
along the strut AC is repre- 

W 

sented by ; W being the 

COS. a ° 

weight assumed to be concen- 
trated at the point A, and a the 
angle which the strut makes 
with the wall. When the load 
is distributed over the bearer 
AB, the strains on it and on 
the strut AC will be reduced 
to one-half. The vertical strain 
or pressure on the wall or up- 
right of the bracket will be equal to the load. A distributed load will cause a transverse strain 
on the bearer itself, in the same manner as a beam supported at both ends, or supported at one 
end and fixed at the other, as the case may be. In a solid bracket, or one of ornamental shape, 
as Fig. 1215, the strain at B is all that is usually required, and may be ascertained on the prin- 
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a of the lerer. It iriU eqnal 
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BC 



t. load concenlnttcd at A, uid ooe-ludr that 



mwntltj when the Iced a dUtributed. Beo STBEsr.™ of Materials. 

In Wge oomiocB, to save plaator it i> usual to fli to the wall and ceiling, at interraU of 12 or 
H in^ bisokets cnt roughl; to the outline of tUe intended cornice ; to these, latbs aie nailed, to 
tkke the plarter of the cornice. He bracheta in the angles are called an-jUJiraekU. 

The tern bncM is ahn applied to a pmjecting arm which carries on its end a gns-burner. 
PisoM of wood flsed on the end of the tread of stairs over the outer Hlrinc-board are called 
bncketi: tbey are sometimes made ornamental, in which case thej are called vrotjlii ra fmcy 
tracjMf ; In other mns thej are known aa cut bracket). Brackets in atone arc usually called 

BRAKE, OR BRBIAK. Fb., Frein ; Geh^ Itrtmar ; ItaL., Fretui. 

A piece of raechaniBm for retarding or stopping motion by friction, as of a carriage or railway 
ttmlo, by the presiure of mbbcrs ag^iut the wheels. In Fig. 
U16 the hand-wheel on the spindle A, which U fastcne<l 
to the platform R of the car, winds up the chain F, and ^ 
polla the lavei B, which presses the brake-block H upon the 
whad O, and pulls the rod S, whioh presses the brake-block 
Vpoa the whed D, and pulls the rod E, which runs to tb 

mat track, where there is a duplicate of the arran^rcmoii . ^^ . 

■^nm in Pig. 1216. Thus, turning the brake-wlieel at 
aitber end of the car brings an equal pressure uiinn nil the wheels. 

Kg. 1217 shows a railroad cat brake, inrented by A. J. Ambler ; it belongs to that class of 
nOraad brakes in which a tenaioiia! chain, or rods and chains, arc used for operaling or applying 
pnm tma the locomotive to the brakes of a train of cars. 





nili urangement of Ambler consists of fixed and slidiug sbcavca E. E, in connection with a 
tencional chain F, and brake-clinin G ; so that )>v operating the tensional chain F a movement 
will be imparted to the brake-chain G, to set or apjdy Hie brakes D, D. The slack of the tensional 
dkin F inll be taken up by the falling of the sliding sheaves E. F., when tlic power is removed 
ftam the chain F. The power of tiie i>rakes is limited and ctintmlled by limiting the rising and 
Ulilif mnvement of the lAnirri E, E, by having tlio ojrJfi 6 of the sheaves fitted into slots a in the 
itn D" D". The sheaves C, C, are stationary. 

The number of brake carriages or vans to a given train will depend on the inclinations 
CQ the line and the speeds employed: with passenger trains it has been considered that on 
■B ftTerage, and to ensure safety, every fifth carriHgo should have a brake: the engine also is 
Smtoally reversed to aasist the brakes. It must be recollected, however, that by atopping a 
£«iD too rapidly, great injury resQlts both to the permanent way and the rolling stock. But 
WtUl it is very impra^nt that those who have charge of a train should be able to stop it within 
M my short distance, when there is risk of colliiiion, or any other danger is apprehended ; and 
Ww greater the number of wheels to which brakes are applied, the more speedily will the effect 



• blowing 0(»isidenitionB appear If 



■e those which would determine the amount of brake- 



Tbe fereee which act on the train after the sttam has been shut off are the aile friction and 
nOing friction of the train, and the pressure of the wind : the friction tenda gradually to i)ring 
the tnin to rest,— (be pressure of tlio wind to accelerate or retard it, as the esse may be, and this 
«ill therefore be omitted from tlio conclusions to be drawn. 

Td atop a train rapidly, brakes arc apniii-d to some of tlie wheels, and the engine is reversed. 
Vb^ application of brakes prevents tiie wheels fnim revolving, and introduces the friction due to 
the wMghts on the wheels to which the brakes arc apjilied. The act of reversing (he engine docs 
Mt immediately stop the forward motion of tlio driving-wiieel. but forces it to revolve at a some- 
what slower rate than that cluo to tho speed of the train, and tlius causes a friction of surfaces to 
lake place between the wheel and rail. 

The Bile and roiling friclinn of tlio train may bo nssumod to bo some proportion of the total 
weight of the train ; the friction of the wheels to which brakes are applied may Iw taken ns some 
pi^ortlon of the insistent weights : from eipcrimcnts, it apl>cars that the aj.\v and rolling friction 
nay be taken at -^ part of tlio weight of tho train, and the friction due to the brakes at aixiut 
i of the weighto on them. 



Hence, if / lepreBeDt the gmn load of the train, 

VI „ the weights on the wheele to which bnkes u 
B „ the reludalion in feet per aeoond, 
g „ the force of gravity, 
ami, if the train be on an incline, 



- represent the alope of anch incline, 



the latter term being nsed with tl 
tiign when ascending, the gradient. 
If S = space traversed by train in i 
v = velocity in feet per second a 
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e sign whea the train ia descending, and the positiTB 
loment the steam ia shnt off and the brakes applied, L 
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ited; the 




It should be observed that these estimates and fonnnUs, althongh empirical, may be tamA 
neeful in forming rough estimates ; and that, in estimating praeticauv the space of time which 
should be required for a train to stop in, one or two seconds shonld be allowed for time kat in 
applying the brakes. These combinations will be referred to presently. 

Speciking in general terms, a brake consists of one or several segments of wood or metal, which 
can be pressed upon the circumference of a wbeel, so as to prodnce friction, which, acting as a 

resistance, reduces the velocity of that wheel. Fig. 1218 represents a biske sr ' ' ■ """ 

wooden blocks o, o, a, a, are connei^ted by two straps of iron, 

movable round a fixed point : tbe ends A and B of these two 

straps are fastened to the heit-avnk ACB. As none of the ^ 

centres of motion. A, B, C, are filed, the arms A C, C B, \\ 

the power of a toggle-joint. If the handle M of the bell-crank 

is moved in the direction indicated by the arrow, tbe blocks are 

forced to press upon the rim of the wheel, and friction is thus 

produced, which diminisbes tbe velocity of the wheel which is 

supposed to be in motion. In order to distribute the pressure 

over a large surface, so that the materials iu contact be not 

altered, the brake should necessarily embrace a suCBcient port of 

the circle. Cranes, and generally all machines for lifting end lowering weights by means of 

handles, are provided with a biake acting upon a special wheel which influences the movement 

of the chain barrel. 

Also trains of great velocity are either stopped OD inclines or their motion is retarded on rail- 
reads, OS ia well known, by applying a brake to tbe carriages. The brakes of common carriages 
ore wooden blocks placed near the beck wheels : by means of a handle end a screw, acting upon 
a system of levers, the blocks are pressed upon the rims of these wheels. These brakes are 
snbetituted with advantage for tbe ancient wooden shoe or sabot, which is still used by cortera or 
wagoners ; the use of that shoe is to prevent tbe wheel from turning, and it transforms the rolling 
Miction into a sliding friction, which is much more considerable; it produoes thus a resistance 
which tends to diminish the velocity of tbe carriage and to prevent its acceleration in descending 
inclines. But the use of the shoe is very incommodious, and aerioUB accidents may happen if the 
chain, which holds the sabot or shoe, breaks. The brake acts in a more gradual manner, and its 
use is handier and safer. 

In railway trains the brakes act Bimnltoneously upon all wheels of the same carriage. Various 
constructions have been adopted for that purpose. Fig. 1219 shows one of the earliest, as used 
on the Versailles railway. The equal segments aa', bb', c c', d<t, are placed at a little distance 
before and behind each wheel ; they ore suspended from the frame of the carriage by rods moving 
round fixed points. The levers ni/i and np, jointed to the middle of the arcs bb'aod cc', are 
connected at p with a vertical rod ^j, which has a screw at its end, and is raised or lowered by 
means of the nut e. The raising of the point p brings the points m and n nearer to the wheels, 
with the power of a toggle-joint, and the arcs bb' and cd are pressed against the tiiee with gnat 
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force; the same takes place with the arcs a a' anddi', which 
cc* by means of the coupling-rods acandi'd" ; 

' ' ' '"■ 10 time. The blocks are either made of wood and hooped with iron, 



the wheels at the se 



connected with the arcs 1 1 
four arcs or blocks press upon 
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vhich ore Again fastened to a thbd lever B'BC, movable loimd t, Bluft O. The rod CD 
oonnecta the end C of the lever B'BC nitb the nut D D', vhioh ia moved bnckwuda and forwttid« 
by the screir V : this acrew, which can only move roaod its aiiii. but not in b longitndinml 
direction, is turned b; wlieel-gearing from the box of the gu&rd or bmkea-nun. Therefore, bj 
tnminetho brake-wheel to the right, the nut D D' sdvancea to the right and puUa the point* 
C and B into the same direction, whiltit the point B' is pushed into the opposite direction, and the 
brake-blocks are consequently pressed upon the tires of the wheels. The coupling-rod C D*, 

r'Dted at D', produces an analogous effect upon the following wheels. The revetae takes plaoa 
the bfake-nhcel be turned in tho opposite direction ; that ia, the blocks 3, S', are then mooved 
from the wheels. 

In order to brins; the brake into full action a certain time ia always required, and onmerom 
constructions have been adopted for shortening this time as much as possible. One method is 
that of employing a weight of an oblong form with a rack and piuion on its longest Vertical aide : 
this weight moves between guides in a vertical direction, and is kept In its pbtoe by means of a 
click or spring. As soon as the guaid removes Ibe click or eases the spring, the weight falls, and 
turning the pinion rapidly round its horizontal axis, transfers the motion to the brake-blocks. 
which act in the manner previously described. B; means of a handle the pinion is turned in Iba 
opposite direction, the weight is raised, and again fastened in its fwmer positiim. It will be seea 
that the action of the brake mider these eilcunutaucea must be very rapid, and a train can be 
stopped in a very short time. 

But the advantages of this very great rapidity should not be exaggerated ; a train should not 
be stopped instantaneously. To atop quickly is oqnal to a sudden shock against an obstacle, and 
might produce serious accidents, H. Uentil, miDma; engineer, haa compared that shock with the 
one which the train would sustain by falling verticaUj from a certain height : the following Table 
gives the results of his researches : — 
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25' 
30 
40 

50 
60 


6-94 

111! 
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2"456 Ground floor 
3'533 1 Ist 
6'293 , 2nd 
9-B25 1 Srd 
14-159 4th 


The con^uenoes of the shock (rf an 
ciprese train suddenly stopped, 
would be the same aa if that 
train liad fallen from a fourth 
floor, or from a height of 46 ft. 



The law in France demands one brake-van to seven carriages or less ; two brake-vans if the 
number of carriages varies between seren and fifteen : three brake-vans for a train of more than 
fifteen carriages : the tender-brakes are not included in that number. 

On the Turin-Genoa railway one brake-van to two carriagca of a paasenger train ia allowed ; 
and three wagons of a goods train to a brnke-van. 

In Praasia ^ of tlie total number of wheels of a passenger train, and ^ of the wheels of a 
goods train, have to be provided with hrakes, if the inclination of the line is not more than 
0''-0033 the metre. For an inclination between O^-OOSS and 0'"-005, 4- and | have to be sub- 
stituted for these fractions, and \ and ^ for an inclination between 0°"aO5 and O^-OIO. 

Figs. 1221 to 1224 reprci«ent the arrangement of Stilmant's brake. 

It is apparent from these figures (hat the horizontal shaft a, supported by the brackets it, in 
moved by means of a long lever b, which is conuGotccl at its end, by the two rods cc, with the 
nut d; this nut lieing raised or lowered by (ho spindle q, transfers thi ' 
lever b and the shaft ii, but from there alui by means of the forked le 
to the wedges r r. These wedges are made of cast iron, and form 
two symmetrical parts, which are supported by means of a joint or 
hinge; four sliding parts o, o, two of which carry directly the brake- 
blows p,^ whilst the two others are kept in their respective positions 
by means of the pressure-rods >. >, serving ns guides to tho wedges. 

The greatest angle formed by these sliding parts and the wedges, 
daring the inactivity of the brake, is 2jl degrees : at tho moment of 
putting the brake in action this angle becomes less, since the sliding 
parts are pressed more towards ue outside ; and at the greatest 
pressure of the wedges against the sliding parts the angle is about 
19 degrees. 

The tlircod of the brake-screw a ought to be doable, so that the 
lever b, the end of which has to pass through a very considerable arc, 
can be moved aa quickly as poxBibto. The brakc-Uncka which are 
not directly fastcnod to the wedges are kept in their respective piwi- 
linns by mpaiis of the snapcnaion-rods t (, and (lie horizontal rods u a. 
The spiral springs 1 1 keep the bmke-blocka during llic inactivity of 
the brake at a sufflcient distance from the tires, and llius prevent 
any unnecessary friction. The free action of the suspcnsinn -springs 
during the stopping qf the wlieels has now been obtained simply by 
bending the sliding parts o, o, which serve as guides for the wedges 
r r. to n ocrtnin angle, and by making the holes in these sliding parts 
is given to the hole at the lower part of the suspension-rods 1 1, that 
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^.x_x J 1- r. 30x0-22 2x314x0023 -008x0044 „,^ ^ ,. x «.« 

stitnted, we have Q = -^:^^ x ^-^--— ^^^^ ^ ^^^ ^ ^,^^ = 727^89, or abont 728 

kilo^^-ammeB. 

The effective weight of the suspension-rods c c = 16^ has to be added to this preasore, so that 
the total force at the end of the lever b is equal to Q = P| = 728 + 16 = 744 kilogrammes. 

Calling, therefore, 

L = 2'" • 065, the length of the lever b ; 

p = 80'' , its own weight reduced to the centre of gravity ; 

L| = 0°* '970, distance of centre of gravity from the centre of the horizontal shaft ; 

I =0"" 365, length of the small levers ; 

Pi = IS'' , weight of the lever reduced to its centre of gravity ; and 

li =0°" 200, distance of centre of gravity from the centre of the horizontal shaft ; 

the pressure produced by the lever is equal to Q, = — ~-5 — ^^-^ ; or substituting again 

*!. • in 74 4x2065 + 8 x 0-97 + 18x0-2 ^^^. _ , ^„ 

the given values, Qj = ^o^«ifi5 ~ 4431^-67, or very nearly 4432 

kilogrammes. 

Adding again the effective weights of the suspension-rods n n, of the bolts for the joints of the 
wedges, &c., equal to 53 kilogrammes, we get the total pressure produced upon the wedges, 

Q, = P, = 4432 + 53 =r 4485 kilogrammes. 

Taking, finally, the angle formed by the two parts of the wedges at the moment the brake is 
applied, a = 19°, therefore /3 = 80° 30', and /^ = 0*18 the coefficient of friction of the wedges, 

we get altogether the considerable pressure of Q- = — — .— - r J-:- "^^-rr — — — X P., or 

2 (1 + /i tang. 3) 

^ tang. 80°30W:J^0-18 + O'l^ x tang. 80°30- q^ ^ 2699 x 4485 = 12105 kilogrammes, 
^ 2(1 + 018 X tang. 80^30') ^ i^xvu «^ugximuu«, 

Q- 12105 
which gives a pressure upon each brake-block of -^ = — j— = 3026 kilogrammes. 

This pressure is considerably increased by the impulse given to the blocks from the wheels as 
they rotate ; according to experiments made with the pressure or coupling rods s s, it can be taken 
as 4500 or 5000 kilogrammes. Now, if the coefficient of friction of tne block be put equal to 0-4, 
the effort of this friction will be T = 4500 x 0-4 = 1800 kilogrammes, which is much greater than 
the adhesion of the wheels. 

Time required for the Action of the Brake. — Although the stopping of wheels by means of screw- 
brakes is generally considered a slow pperation, yet stopping a train by Stilmant's system is an 
exception, on account of the rapidity of its action, which is as prompt as in the best constructions, 
while at the same time it possesses many other advantages. Besides, the small space between the 
brake-blocks and the tires of the wheels very much facilitates the quick and effective action of 
Stilmant's brake. 

Supposing now that in a well-constructed brake the distance between blocks and tires is 
equal to 0'"*003, and taking the play between the axle-boxes and the plates in which they move 
to equal 0'"-003, we find : — That the friction between the blocks and the tires of the wheels only 
commences when the blocks will have passed through a distance of 0"'-003 (a); and that the 
braking of the wheels takes place immediately after a distance of 0"-006 (which may be less) is 
passed (6). 

It is thus necessary to determine the distance B B| = C C|, Fig. 1229, which the wedges have to 
travel before the blocks touch the wheels. 

1229. 



For this purpose wc find in the triangle E D F, at first, that E = -^ = 11° 30', and DF = 0»-003; 

next, that E = — = 9° 30', and D F = O'^-OOS; and consequently (a) for the contact between 
blocks and tires; EF = BBi = DF cotang. E, or BBj = 0003 ootang. 11° 30' = 0--01472, 
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whence the distanoe trayelled by the end of the long lever 6, H K = 



0014 X 2065 



= 0«-0834, 



0-365 

or the number of revolutionB of the handle of wheel, if the thread of the screw is equal 0"**044, 

0*0834 
n ss =1-9 reYolutions. For the stopping of the wheels (6), EF=BBj = DF cotang. E, 

B B| = 0*003 cotang. 9° 30' = 0"* 01793, whence the distanoe travelled by the lever, 



KJ = 



001793 X 2065 
0-365 



= 0»*1014, 



and the number of revolutions of the handle or brake-wheel n = 



0-1014 



= 2-3. Thus the total 



0044 

distance through which the end of the lever 6 has to move will be H J = - 0834 + * 1014 = 0" * 1848, 

0*1848 
or » = =4*2 revolutions, requiring about 10 or 12 seconds. An express train, running 

U*vt4 

60 Idlom^tree an hour, or 16*"* 66 a second, can therefore be stopped by means of two of Stilmanf s 
brakes upcm a length of less than 500 metres ; this result has been corroborated by experiments. 

Comtiructwn o/, and Work done by, the Principal Parts of the Brake. — Amongst the many parts 
which compose the mechanism of the brake, there is a certain number, the dimensions of which 
ought to be carefully calculated. These parts are: — The shank of the screw (a); the rods trans- 
mitting the pressure of the screw to the lever (6) ; the main lever (c) ; the two small levers (d) ; 
the brake-shaft (e) ; and the coupling or pressure rods (/). 

Screw of the Stem or Shank of the Brake (a). — Suppose the minimum diameter of the stem of the 



B J 
Krew, Fig. 1230, be 0*°*035, and taking the same values given above, we get P r = -^— 

n 



or sub- 



iitating for — its value = —^ » P »* = ~^Tn — > whence Bi = ^ ; or introducing the values, 

16 )c SO X 0*22 
it = 3.14 0*03 5'"" ~ '^^^^^ kilogrammes, or about Ok 800 to the square millimetre. Taking 

h» modidus of elasticity for the torsion, G = 6600000000 kilogrammes, we find the angle of 
fconiaoy t = ^ ; or substituting again for J its value = -5^ 0-098 cf*, t= .. ^ , or 



1 = 



JG 
30 X 0*22 X 1*5 



0-098 X 0*035« X 6600000000 
i»o. 



32 
= 0^0102, that is to say, 0^ 0' 36" 7. 



0098d« G' 
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Btdi Transmitting the Pressure to the Lever (6), Fig. 1231. — The pressure which has to be trans- 

as has been shown previously, is equal to 744 kilogrammes ; therefore for each pair of rods 

744 
<there being always two) -^ = 372 kilogrammes. We thus obtain P L* = v* J £ ; or substituting 

PL« = 



fior J its value = -rrr , 



6»AE 



whenoe E = 



12PL« 



12 ' 12 ' ir*6»A 

When the corresponding values are introduced, we have 

E = ^ .\! ^f^^^r ^?\., = 1018546500 kUogrammes. 



Now, 



314«x002» X 0-045 
372 X 0-9 



t = 



or substituting the values, 



= 0»- 000365. 



00009 X 1018546500 
4 is the shortening and A the area of the transverse section of the rod. 

l%e Mam Lever (c), Fig. 1232.— The force acting at the end of the lever is again, as in the case 
abofve^ P = 744 kilogrammes, besides the weight p of the lever, which acts at its centre of gravity. 
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tected state, but Nobel now always adds 10 per cent, before sending any of his blasting liquid into 

the market. 

The transformation of protected into ordinary nitro-glycerine is effected by thoroughly agitating 
it with water, and allowing the mixture to settle for a short while. By this means the water dis- 
solvefiT out the methyl-alcohol, and the mixture of spirit and water readily rises to the surface, in 
virtue of its low specific gravity, and can be removed by means of a siphon, or by simnly pouring it 
off. The blasting liquid is now ready for use. It would seem that the methyl-alconol is by wis 
means separated very readily from the nitro-glycerine held in solution by it. If protected blasting 
liquid be kept in a closed vessel, it will remain in that state for an indefinite period of time, and 
ready at any moment to be reduced or rendered fit for action ; if, however, it be exposed in an open 
vessel, it will regain its explosiveness, in periods of time proportionate to the amount or degree of 
exposure. 

The chief advantage which nitro-glycerine possesses is that it requires a much smaller hole or 
chamber than gunpowder does, the strength of the latter being scarcely one-tenth that of the former. 
Hence the miner's work, which, according to the hardness of the rock, represents from five to twenty 
times the price of gunpowder used, is so short, that the cost of blasting is often redueed to 50 po 
cent. The process is very easy. If the chamber of the mine present fissures, it must first be lined 
with clay to make it water-tight. This done, the nitro-glycerine is poured in and water after it» 
which, being the lighter liquid, remains at the top. A slow match, with a well-chaiged percosaoi 
cap at the end, is then introduced into the nitro-glyoerine, or a fuze, to the extremity of which is 
attached a small quantity of gunpowder, fixed immediately over the liquid. The mine may then 
be sprung by lighting the match, there oeing no need of tamping. Experiments were made with 
this new compound in the open part of the tin mines of Altenburg, in Saxony. In one of these, a 
chamber, 34 millimetres in diameter, was made perpendicularly in a dolomitic rock, 60 ft. in 
length, and at a distance of 14 ft. from its extremity, which was nearly verticaL At a depth of 
8 ft., a vault filled with clay was found, in consequence of which the bottom of the bole was tamped, 
leaving a depth of 7 ft. One litre and a half of nitro-glvoerine was then poured in ; it occupied 5 ft 
A match and stopper were then applied as stated, and the mine sprung. The effect was so enor- 
mous as to produce a fissure 50 ft. in length, and another of 20 ft. The total effect has not yet 
been ascertained, because it will require several small blasts to break the blocks that have been 
partially detached by this. 

Nitro-glycerine has, however, one disadvantage. It freezes at a temperature very probably 
above 92*^ Fahr., and it is said that even at a temperature of 43° to 46° Fahr. the oU solidifies to 
an icy mass, which mere friction will cause to explode. It is probable, however, that the freezing- 
point of the oil lies somewhat lower than is here stated, though as yet no exact determination 
the freezing-point of the oil has been made. A newspaper from Hirschberg, in Silesia, gives a 
account of an accident, caused by the frozen oil exploding by friction. Nitro-glyoerine was ~ 
being used in making a tunnel. It was kept in glass vessels, packed in straw, and placed . 
baskets, each vessel containing one-fourth to one-eighth of a hundredweight d the oiL Fc 
several days the oil had been frozen. It was carefully handled, and pieces were separated hj^m 
means of a piece of wood, and put into the bore-holes, and it was found that the frozen nitro — * 
glycerine exploded ouite as well as the fiuid. One day an overseer at the shaft hit upon thc^ 
unlucky idea of breaking into pieces with a pick a 700 or 800 lb. lump of the fh>zen glycerine^ 
The blow caused the mass to explode, and the unfortunate man was blown up into the air, 
fell back into the shaft, some 40 or 50 ft. deep, whilst two workmen, who were making 
a short distance from him, luckily escaped with slight injuries. 

Dynamite is made by mixing 75 per cent, of nitro-glycerine with 25 per cent, of powdered 
(silica). It has been introduced by A. Nobel, whose researehes on nitro-glyoerine are so 
known. Dynamite retains all the properties of nitro-glycerine for blasting, but is not dangerous^ 
as it may be handled freely, and does not explode by fire alone or when accidentally subiected toc^ 
percussion. In some experiments made by the inventor, a box containing about 8 lbs. of dynamit^3 
(equal in power to 80 lbs. of powder) was placed over a fire, where it slowly bnmed away.^' 
Another box containing the same quantity was hurled from a height of more than 60 ft. on to t^ 
rock below, no explosion ensuing from the concussion sustained, ^plosion is produced by ninnTifT 
of a percussion cap in the same manner as with nitro-glycerine. 

8chtDartz*8 Blasting Gunpowder. — This powder is now much employed in mining. Its combustion^ 
is slow but complete. The following analyses show why it is cheaper than ordinary powder: — 

I. n. 

Soluble salts 7455 74*32 

Nitrate of potash 5622 56-23 

Nitrate of soda 18-30 1809 

The treatment by sulphide of carbon produced : — 

Dissolved sulphur 9*68 7*61 

Carbon remaining 14*14 15-01 

Moisture 1-78 11 

It is a coarse-grained powder, in which one part of potash nitre is replaced by nitrate of soda. 

In the first instance, one part of nitrate of soda for one part of nitrate of potash was used, but 
it was afterwards found best to employ a third of nitrate of soda. See Artesian Wells. Battket. 
Gunpowder. Gun-Cotton. Ordnance. Quarrying. Teleorapht. Tunnelling. 

BOTTLING MACHINE. Fr., Machine a mettre en houteillea; Ger., Pfropfmaachine; Ital., 
Macchina da toppar bottigiie. 

The bottling machine, shown in Figs. 1211, 1212, is chiefly used for soda and other aerated 
waters. It was invented by the late Hayward Tyler, and it is on the continuous principle. The 
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BRACKET. 



drawn from the barrel M through a suction-pipe K by a piston, a Talve L being arranged so 
as to prevent the return of the liquid. The liquid is let into the bottle e from the pump* 
cylinder A through the valve G, which is operated by means of levers and rods. This valve 
is closed by means of a spring bar acting automatioEilly. The plunger D is raised as soon 
as pressure is removed from the treadle /; thus giving an intennittent motion the woric ii 
continued. 

BOTTOMING, or BALLASTING. Fb., Empierrement ; Gkb., Besieinung, Beschotttrwug ; 
Ital., Imbreuiare Inghiaiare, 

See Permanent way. 

BOULDER-PAVING. Fb., Pav€en galet; Geb^ BoUsteinpJlaster ; Ital., Ciotiolato. 

See Construction. 

BOULDEE- WALLS. Fr., Mur en galet; Geb., Rolhtein Mauenoerk; Ital., MunUura di 
eiottoli. 

See Construction. 

BOUNDARIES. Fb., Limite; Ger., Grenze; Ital., Confine, 

In making a survey, the boundaries of the counties, parishes, and the several estates, are 
required to be marked correctly thereon ; in ascertaining which, it is generally foond necessaiy 
to procure the services of parties locally acquainted with the ground to be surveyed. 

In the case of property divided by hedge and ditch, the brow of the ditch is generally the 
boundary ; which, of course, forms the line to be measiired. In some districts the roots of the 

Suicks, or the foot of the bank, forms it : a width of 15 links is usually allowed for a hedge tnd 
itch, 6 links for ditches between neighbouring estates, and 7 for those nearest roads, that is, from 
the roots of the quicks. See Geodesy. Surveying. 

BOW-COMPASS. Fr., Compos a pompe ; Ger., Federzirkel; Ital., Compassino da circoli. 

A pair of compasses for describing small ciroles with ink, is sometimes called a bovh-compau. 
See Compasses. 

BOW-PEN. Fr., Tire-ligne ; Ger., Keissfeder ; Ital., Penna a serhatoio. 

This pen is often termed a drawing pen : the part of it which holds the ink is formed of two 
cheeks wnich are bowed out towards tne middle, and regulated by a screw. See Comfassbb. 

BOW-DRILL. Fr., Archelet ; Ger., JMllbogen, Fidelbogen ; Ital., Trapano ad arcketto. 

See Hand-Tools. 

BOW-SAW. Fr., Scie a chantoumer^ scie en archet; Geb., Schioeifsage ; Ital., Seghetto. 

See Hand-Tools. 

BOX. 

A cylindrical, hollow iron, used in wheels, in which the axle rovolves, is called an axle- 
box. 

A box 'drain is a term generally applied to a small drain with vertical sides. See 
Drainage. 

BOXING OP A SHUTTER. 

The part into which a shutter is folded when not required for use. It is formed by the 
inside lining of the sash-frame, the grounds of the architrave, and the back lining. See Sash- 
prame. 

BOYAU. Fr., Began ; Ger., Gang des Ixiufgrahcn ; Ital., Ramo di trinciera ; Span., Bamal, 

Boyaux, or boyaus, are small trenches, or branches of a trench, leading to a magazine, or to 
any particular point. See Fortification. 

BRACE. 

A brace is that part of a piece of framing which is subject to tension or compression, such as 
the diagonal bars of a Warren girder. It differs from a struts which is subject to compression ; or 
from a tie^ which is subject to tension only. See Bridges. 

BRACKET. Fr., Palier^ console^ tasseau; Ger., Unterlage^ I^er^ Consd; Ital^ MensolOy 
Beccatello. 

A bracket is an arm which projects from the face of a wall or post, chiefly used to sustain a 
shelf, roof, cornice, or other overhanging structure. It is usually supported at the outer end by 
a strut, as A C, Fig. 1214. 
The strain tending to pull the 
bearer A B out of its socket at 
B is represented by W tan. a ; 
and that portion of the load 
which is transmitted to the wall 
along the strut A C is repre- 

W 

sented by ; W being the 

cos. a ° 

weight assumed to be concen- 
trated at the point A, and a the 
angle which the strut makes 
with the wall. When the load 
is distributed over the bearor 
AB, the strains on it and on 
the strut A C will be reduced 
to one-half. The vertical strain 
or pressure on the wall or up- 
right of the bracket will be equal to the load. A distributed load will cause a transverse strain 
on the bearor itself, in the same manner as a beam supported at both ends, or supported at one 
end and fixed at the other, as the case may be. In a solid bracket, or one of ornamental shape, 
as Fig. 1215, the strain at B is all that is usually required, and may be ascertained on the prin- 
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ths gnxB lo&d of the train, 
K „ the weights on the wheels to 
B „ the retudation in feet per ae 
g „ the force of gravity, 
and, if the train bo mi en iuollDe, 

- represent the slope of snch incline. 
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the Utter term being need with the negative lign when the train ii deacendiug, And the pontin 
aign when ascending, the gradient. 

If B = space traversed by train in ooming to rest, 

o = Telod^ in feet per eeramd at the moment the steam it shnt off and the brakea ^iplied, 

-A- 

It sbonld be obeerved that these estimates and CormnlM, althongh erapirioal, may b« found 
useful in forming rough estimates; and that, in estimating practicaUT the apace of time wMeh 
should be required for a train to stop in, one <»' two seconds shonld be allowed for time lost in 
applying the brakes. These combinations will be referred to preeently. 

flpealting in general terms, a brake consists of one or several segments of wood or metal, which 
can be premed upon the circumference of a wheel, so as to produce friction, which, acting at a 
lesiatance, redncee the velocity of that wheel. Fig. I21B represents a brake no oanstrocteai tlw 
wooden blocks a, a, a, a, are oonnected by two Htraps of iron, j^j^ 

movable round a flied point O ; the ends A and B of these two 
sttapa are fastened to the hell-crank A C B. As none of the i^ 
centres of motion. A, B, C, are Qxed, the arms A C, C B, ii 
the power of a toggle-joint. If the iiandle M of the bell-cr»nk 
is moved in the direction indicated by the arrow, the blocks a 
forced to prem opon the rim of the wheel, and friction is thai 
produced, which diminishes the velocity oF the wheel which is 
Buppoeed to be in motion. In order to distribute the pressure 
over a large surface, so that the materials in contact be not 
altered, the brake should oecessarily embraces sufScient part of 

the circle. Cranes, and generaUy all machines for lifting and lowering weights by n 
handles, are provided with a brake acting upon a special wheel wbieb i^uencee the nn 
of the chain banel. 

Also trains of great velocity are either stopped on inclines or their motion is retarded im nil- 
roads, as is weU Iniown, by applying a brake to tlie carriages. The bnkee of oommcsi carriages 
are wooden blocks placed near the oack wheels : by means of a handle and a screw, acting apom 
a system of levers, the blocks are pressed upon the rims of these wheels. These brakes are 
substituted with advantage for the ancient wooden shoe or sabot, which is still used by carters or 
wagoners ; the nse of that shoe is to prevent the wheel from turning, and it transforms the rolling 
taction into a sliding friction, which is much more considerable; it produces thus a reeiatanoe 
which tends to diminish the velocity of the carriage and to prevent its acceleration in descending 
Inclines. But the use of the shoe is very incommodious, and serious accidents may happen if the 
chain, which holds the sabot or shoe, breaks. The brake acts in a more gradual manner, and ita 
use is handier and safer. 

In railway trains the brakes act simultaneously upon all wheels of the same carriage. Variona 
constructions have been adopted for that purpose. Vig. 1219 shows one of the earliest, as used 
on the Versailles railway. Tbe equal segments aa\ i>b', cc', dd", are placed at a little distauos 
before and behind each wheel ; tbey are suspended from the frame of the carriage by rods moving 
round fixed points. Tbe levers tap and tip, jointed to the middle of tho arcs bb' and c c', ars 
oonnected at p with a vertical rod p g, which has a screw at its end, and is raised or lowered by 
means of the nut t, Tbe raising of the point p brings tbe points tn and n nearer to the wheels, 
with the power of a toggle-joint, and the arcs i 6' and ci/ are pressed against the tires with gn^t 
fotce ; the same takes place with the arcs a a' and d d", which are connected with the arcs b b nnd 
cc' by means of the ooupling-iods ocandb'if ; in Uiis manner four arcs or blocks prew uptm 
the wheels at the same time. The blocks are either made of wood and hooped with iron, or they 





are made entirely of iron. Fig. 1220 represents a brakeoperatedbyoompomid leven: in geneoal, 
this latter principle of oanstruction is adapted. 

The two biake-blooks B and B', Fig. 1220, are conneoted with two equal leven A B ud A' B, 



whioh are ^gaia fastened to a third lever B'BC, morable Tonnd a alufl O. The rod CD 
eoniiects Uio end C of the lever B'BC with the nnt D D', vhiob is moved h«ckwaidH and tonntnli 

br the scren V ; this screw, whicli can onlj move mimd ita axis, bnt not in • langitndinal 
direction, is tnmed b; wheel-gearing from the box of the guard or br&keB-man. Therefore, bj 
turning the braJte-wheel to the ritjht, the nut D D' adrances to the right and pulls the poinli 
C and B into the eame direction, nhilat the paint B' is pushed into the opposite djrectian, and the 
brake-blocks are conseqaeutly pressed upon the tires of the wbeeU. The coupling-iiid CB, 
jointed at D', prodncea an analogous effect upon the following wheels. The reverse takea plue 
if the brake-wheel be turned in the opposite direction ; that is, the blocks B, B', ore then removed 
bom the wheels. 

In order to bring the brake into full actios a certain time is alwaja required, and numtmns 
conatmctions have been adopted for shortening this lime as much as poeaible. One method it 
that of employing a weight of an oblong form with a rack and pinion on its longest vertical ads: 
this weight movee between guides in a vertical direction, and is kept in its place bj mesniofa 
click or apring. As soon as the guard removes the click or eases the spring, iJie weight falla, and 
turning the pinion rapidly round its horizontal aiia, ttaoefers the motion to the brake-bkcki. 
which net in the manner previously described. By means of a handle tbe pinion is turned in ths 



t be very npid, and a tnun o 
stored in a very abort time. 

But the advantages of this very great rapidity ehonld not be exaggerated ; a tiain should not 
be stopped iuslsotaneoosly. To stop quickly is o^ual to a sudden shock against on obstacle, and 
might produce serious accidents. M. Gentil, mining engineer, bos oompared that shock with the 
one which the train would sustain by falling vertically from a certain height : the following Tsbla 
gives the results of his researches : — 
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The lew in France demands one brake-van in seven carriages or less; two brake-vans if the 
number of carriages varies between seven and fifteen ; three brake-vans for a train of more than 
flfloen oarriagea ; the tendei^brakea are not includi^ in that number. 

On the Turin-Genoa railway one hrake-ven to two carriages of a possenger train is allowed; 
and three wagons of a goods train to a bmlie-van. 

In Prussia i of the total number of wheels of n passenger train, and J of the wheels of a 
goods train, have to be prorided with brakes, if the inclination of the line is not more than 
0^-0033 the metre. For an inclination between O^OOSS and 0'"'005, 4 and f have to be sub- 
stituted for these fractions, and \ and ^ for an inclination between O^'OCS and O^'OIO. 

Figs. 1221 to 1221 reprenenl the arrangement of StilmnnCs brake. 

It IS apparent from these figures that tbe horizontnl shaft a, suppc 

moved by means of a long lever 6, wliich is connected at its end, by the 
nut d; this nut lieing raised or lowered by the spindle i/, transfers thus its i 
lever 6 and the shaft 'i. bat from there also by means of the forked levom it, in, 
to the wedges r r. Tbceo wedges are made of cast iron, and form 
two symmetrical parts, which are supported by menns of a Joint ot 
hinee ; four sliding parts o, o, two of whioh carry directly the brake- 
blocks p,p, whilst the two others are kept in their rt!sj>ectivB positions 
by means of the pressura-roda i, i, serving ns guides lo the wedges. 

The greatest angle formed by these sliding parts and the wedges, 
during the inactivity of the brake, is 23 degrees ; at the moment of 
putting the brake in action this angle becomes less, since the sliding 
ports are pressed more towards the ontaido : and at the greatest 
pressure of the wedges against the sliding parts the angle is about 
19 degrees. 

The thread of the brake-screw ij ought to be double, so that tbe 
lever b, the end of which has to pass through a very considerable ore, 
can be moved as quickly as possible. Tbe brake-blocks which are 
not directly fasten^ to the wedges are kept in their respective posi- 
tions by means of the suspension-rods 1 1, and the horizontal rods u u. 
The spiral springs z i keep the brBke-blocks during tfie inactivity of 
the broke at a sufficient disUnce from tbe tires, and thus prevent 
any unnecessary friction. The free action of the suspension-springs 
during the slopping of tbe wheels has now been obtained simply by 
bending tbe sliding porta o, o, which serve as guides for the wedgea 
r r, to a certain angle, and by making the boles in thea^ sliding partt 
is given to thu hole at tlio lower part of the susponsion-roda 1 1, that 
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ate bstcned to the ooupling-roda a i. Fig. 1229. Tha chief centre Unci nf the holes in the sliding 
putH form with the nide nb an angle of 10 or 12 degrees; the diameter or these holes is 41 mllli- 
DKties, their len^ti Gl miUimtitreB, thus jiving to the eptings a play of 20 mtUimetiee, ■uffioient 
for the oecillationa during the running of the wagon. 

A few words maj be said here with respect to brake-blocks in general, and with respeol to 
iron blocks in particular. Some time ago brake-blocks were made of soft wnod, SDch luj elm, 
beech, poplar, atid so on, which is less susceptible to become polished by friction than iron ; the 
lapid wear and tear, howerer, requiring often and expensive renewing of the blocks, have induced 
many engineers to substitute metal, and especially iron, in place of wood. 

The use of self-acting brakes in engines of Engertb's system requires great care in descending 
incUnee of S mitlimttres near Loievillo. The wooden brake-bloclu of the tender catch fire veiy 
often, and are entirely destroyed when the train reaches the station. In older to prevent thu 
inoonvenience, iron blocks have been substituted for the wooden ones. 

The followina; are the results of that application : — 

1. With wooden brake-blocks the wheels of the tender had to be stopped in order to prevent 
beating and the re-turning of the tires after a run of 9000 kilometres. Since iron brake-blockB 
are adopted on some of the French railways, the wheels are allowed to tnm slowly in descending 
inclines ; several tenders have already run over 12,000 kilomfetres without the tiros of the wheek 
requiring to be cooled. 

2. The wear and tear of the iioa brake-blocks ha« been 11 or 15 millimetres for an average 
distance of 15,000 kilometres. 

Those results have tieon folly couflrmed by the experiments made with Stilmant's brake ; and 
it has since been found that a better retardation of the motion of the train is obtained if the 
bloclu are not pressed upon the wheels during the whole time required for the stopping of a train, 
bat are lifted np and pressed upon again at very short intervals. 

It has been, however, observed that the tires of the wheels, especially those of the tender, and 
the iron brake-blocks use^l at present, acquire very quickly, not only the shape shown in Fig. 1226, 
but oHen deep grooves are cut around the whole circumference of the tires. These grooves are 
produced either by grains of sand, which find their way between the tires and the bTake-blooks, 
or by impurities of the iron. In order to prevent this diaadvantago, M. Stitmant has [mipaeed 
brake-blocks of cast steel, shown in transverse section, Fig, 1227. The surface of these blodi^ 
whicb comes in oontact with the tires of the wheels, is divided into two equal parts of 32 milli- 
metres width ; the central groove has a widtb of 20 millimetres and a d^tb of 36 millimetres 
whicb gives sufficient room for a current of air to pass through. 
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Tbfnd iy Oileulaliin iA* Pretmn and Potw of this Bnife.— It will be seen from Fig. 1228 that 
Uie brake is composed of a combination of different simple machines, which can act each separately, 
•nd transfer the produced effect successively from one upon the oUier, and accumulate thus a vary 
eoDsiderable pressure, which it would be impossible to obtain, onder the same oonditions by aae 
OT the other irf these simple machines alone. 

The obtained pressure is very variable, and depends chiefly upon the power 
exercised by the guard upon the handle or wheel ot the screw. 
Eeferring to Fig. 1228, and putting 

R = 0-220, the lengtTi of the handle or the nuiins of the brako-whoel ; 

r = 0"'023, the radius of the brake-screw; 

A = O^-OU. the thread of the screw; 

/ =008, the coefficient of friction of the screw : and 

P = 30> , the force of the guard on the handle or the wheel ; 




«« get aa the work of the 
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x..x_x J 1. r. 30x0-22 2x314x0023 -008x0044 „^^ ^ ^ , ^« 

stitnted, we have Q = -^:^^ x o.044-.r 2 x 314 x 0023 x 008 = ^^''^' ^ *^"* ^ 
kilogrammes. 

The effective weight of the suspension-rods cc= 16^ has to be added to this pressnre, so that 
the total force at the end of the lever 6 is equal to Q = P| = 728 + 16 = 744 kilogrammes. 

Calling, therefore, 

L = 2'" • 065, the length of the lever 6 ; 

p = SQI^ , its own weight reduced to the centre of gravity ; 

Li = 0™*970, distance of centre of gravity from the centre of the horizontal shaft ; 

/ = O^'SeS, length of the smaU levers ; 

Pi = IS'' , weight of the lever reduced to its centre of gravity ; and 

/j =0°" 200, distance of centre of gravity from the centre of the horizontal shaft ; 

the pressure produced by the lever is equal to Q| = — ~ — ^^ ; or substituting again 

XV . 1 /^ 744x2065 + 80x0-97 +18x0-2 ,,^,^ ^ , ^,^ 

the given values, Qj = (T^lfiS ~ 4431*^-67, or very nearly 4432 

kilogrammes. 

Adding again the effective weights of the suspension-rods n n, of the bolts for the joints of the 
wedges, &c., equal to 53 kilogrammes, we get the total pressure produced upon the wedges, 

Qj = P, = 4432 + 53 = 4485 kilogrammes. 

Taking, finally, the angle formed by the two parts of the wedges at the moment the brake is 
applied, a = 19°, therefore /3 = 80° 30', and /i = 0*18 the coefficient of friction of the wedges, 

we get altogether the considerable pressure of Q, = — — --- .—j-r-^^—;^ — ~ — X P», or 

2(1 +/i tang. /3) 

^ tan g. 8^ «>■ + 2 x 0^8 + Ol^^- ^^ Q. = 2699 x 4485 = 12105 ldlog»mm«, 
^ 2(1 + 0-18 X tang. 80°30') ^ 6 '-i 

(V 12105 
which gives a pressure upon each brake-block of -^ = — — = 3026 kilogrammes. 

This pressure is considerably increased by the impulse given to the blocks from the wheels as 
they rotate : according to experiments made with the pressure or coupling rods a s, it can be taken 
as 4500 or 5000 kilogrammes. Now, if the coefficient of friction of tne block be put equal to 0*4, 
the effort of this friction will be T = 4500 x 0-4 = 1800 kilogrammes, which is much greater than 
the adhesion of the wheels. 

Time required for the Action of the Brake. — Although the stopping of wheels by means of screw- 
brakes is generally considered a slow operation, yet stopping a train by Stilmant's system is an 
exception, on account of the rapidity of its action, which is as prompt as in the best constructions, 
while at the same time it possesses many other aavantages. Beside^ the small space between the 
brake-blocks and the tires of the wheels very much facilitates the quick and effective action of 
Stilmant's brake. 

Supposing now that in a well-constructed brake the distance between blocks and tires is 
equal to 0'"-003, and taking the play between the axle-boxes and the plates in which they move 
to equal O'^-OOS, we find : — That the friction between the blocks and the tires of the wheels only 
commences when the blocks will have passed through a distance of 0<"-003 (a); and that the 
braking of the wheels takes place immediately after a distance of 0"*006 (which may be less) is 
passed (6). 

It is thas neoessarv to determine the distance B Bj = C G^, Fig. 1229, which the wedges have to 
travel before the blocks touch the wheels. 

1229. 



For this purpose wo find in the triangle E D F, at first, that E = -^ = ll°30',andDF = 0«-003; 

next, that E = -| = 9° 30', and D F = 0™-003; and consequently (a) for the contact between 
blocks and tires; EF = BBi = DF cotang. E, or B Bj = 0003 cotang. 11° 30* = 0--01472, 
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whence the distaiioe trayelled by the end of the long lever 6, H K = 



0014 X 2065 



= 0—0834, 



0-365 

It the number of reyolutions of the handle of wheel, if the thread of the screw ib equal 0°*'044, 

0*0834 
* = ti.tuA = ^ *^ revolutiona. For the stopping of the wheels (6), EF = BBi = DF cotang. E, 

B B, = 0-003 cotang. 9° 30' = 0"*01793, whenoe the distance tiavelled by the lever, 



EJ = 



001793 X 2065 
0-365 



= 0'»1014, 



0-1014 
iod the number of revolutions of the handle or brake-wheel n = -rr-zr-r =2*3. Thus the total 

0-044 

distanoethroughwhichtheendof thelever^hastomove will beH J = 00834 + 0-1014 = 0"-1848, 

0-1848 
or » = =4-2 revolutions, requiring about 10 or 12 seconds. An express train, running 

60 kOomi^tres an hour, or 16**66 a second, can therefore be stopped by means of two of Stilmant's 
bittkea upon a length of less than 500 metres ; this result has been corroborated by experiments. 

Ckmttructian o/, and Work done by, the Princifxil Parte of the Brake. — Amongst the many Pftrta 
which compose tne mechanism of the brake, there is a certain number, the dimensions of which 
ought to be carefnUy calculated. These parts are : — The shank of the screw (a); the rods trans- 
mitting the pressure of the screw to the lever (6) : the main lever (c) ; the two smaU levers (d) ; 
the farake-shaft (e) ; and the coupling or pressure rods (/). 

Screw of the Stem or Shank of the Brake (a). — Suppose the minimum diameter of the stem of the 

R J 
new. Fig. 1230, be 0**035, and taking the same values given above, we get P r = —^ , or sub- 



itiftiiting (cat — its value = 



16 



jPr = 



n 



16 



, whence R| = 



16 Pr 



; or introducing the values, 



Ht = 



16 X 30 X 0*22 



— = 784400 kilogrammes, or about Ok * 800 to the square millimetre. Taking 



8*14x0*035» 
the modulus of elasticity for the torsion, G = 6600000000 kilogrammes, we find the angle of 

tormoD, i = ^ ; or substituting again for J its value = -^ 0098 (f*, t = ^ ^ ^ , or 
t = 30 X 0-22 X 1;5 0°0102, that is to say, 0^ 0' 36"7. 

0*098 X 0-035* X 6600000000 ^ uiavm w wjr, u u oo /. 

i»ol 
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1233. 
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Modi Transmitting the Pressure to the Lever (6), Fig. 1231. — The pressure which has to be trans- 

'itted, as has been shown previously, is equal to 744 kilogrammes ; therefore for each pair of rods 

744 
^"^here being always two) -^ = 372 kilogrammes. We thus obtain P L* = t* J E ; or substituting 



*^ J its value = 



l2"' 



PL« = 



ir«6»AE 



whenoe E = 



12 PL* 



12 ' x«^A 

When the conresponding values are introduced, we have 

12 X 372 X 0-9« .niQrjirjKAn l«i 

E = ^ , ., — ^ ^^, — ^ ^,, = 1018546500 kilogrammes. 



Now, 



3-14»x002» X0045 
E=_, whence. = -^; 

372 X 0-9 



or substituting the values, 



• = = 0«-000365. 

0009 X 101854G500 "^^»'- 

"^ ^ the ahortening and A the area of the tranBverse section of the rod. 



The Mam Lever (c). Fig. 1232. — The force acting at the end of the lever is again, as in the case 
^tww^ P as 744 kUogrammes, besides the weight p of the lever, which acts at its centre of gravity. 
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tected state, but Nobel now always adds 10 per cent, before sending any of hiB blasting liquid into 
the market. 

The transformation of protected into ordinary nitro-glyoerine is effected by thozonghly agitating 
it with water, and allowing the mixture to settle for a short while. By this means the water dis- 
solved out the methyl-alcohol, and the mixture of spirit and water readily rises to the sorfsoe, in 
virtue of its low specific gravity, and can be removed by means of a siphon, or by simply pouring it 
off. The blasting liquid is now ready for use. It would seem that the methyl-alconol is by this 
means separated very readily from the nitro<glycerine held in solution by it. If protected blasting 
liquid be kept in a closed vessel, it will remain in that state for an indefinite period of time, and 
ready at any moment to be reduced or rendered fit for action ; if, however, it be exposed in an opm 
vessel, it will regain its explosiveness, in periods of time proportionate to the amount or degree of 
exposure. 

The chief advantage which nitro-glycerine possesses is that it requires a much smaller hole or 
chamber than gunpowder does, the strength of the latter being scarcely one-tenth that of the former. 
Hence the miner's work, which, according to the hardness of Qie rock, represents from five to twenty 
times the price of gunpowder used, is so short, that the cost of blasting is often reduced to 50 p^ 
cent. The process is very easy. If the chamber of the mine present fissures, it must first be lined 
with clay to make it water-tight. This done, the nitro-glycerine is poured in and water after % 
which, bieing the lighter liquid, remains at the top. A slow match, with a well-charged pesKnaamm 
cap at the end, is then intixxiuced into the nitro-glycerine, or a fuze, to the extremity of which if 
atteched a small quantity of gunpowder, fixed inmiediately over the liquid. The mine may then 
be sprung by lighting the match, there being no need of tamping. Experiments were made with 
this new compound in the open part of the tin mines of Altcnburg, in Saxony. In one of these, a 
chamber, 34 millimetres in diameter, was made perpendicularly in a dolomitlc rock, 60 ft. in 
length, and at a distance of 14 ft. from its extremity, which was nearly verticaL At a depth of 
8 ft., a vault filled with clay was found, in consequence of which the bottom of the bole was tamped, 
leaving a depth of 7 ft. One litre and a half of nitro-glycerine was then poured in ; it occupied 5 ft 
A ma£h and stopper were then applied as stated, ana the mine sprung. The effect was so enor- 
mous as to produce a fissure 50 ft. in length, and another of 20 ft. The total effect has not yet 
been ascertained, because it will require several small blasts to break the blocks that have been 
partially detached by this. 

Nitro-glycerine has, however, one disadvantage. It freezes at a temperature Tery probably 
above 92*^ Fahr., and it is said that even at a temperature of 43° to 46° Fahr. the oil solidifies to 

an icy mass, which mere friction will cause to explode. It is probable, however, that the freeting 

point of the oil lies somewhat lower than is here stated, though as yet no exact determination 
the freezing-point of the oil has been made. A newspaper from Hirschberg, in Silesia, gives a 
account of an accident, caused by the frozen oil explo<Ung by friction. Nitro-glyoerine was 
being used in making a tunnel. It was kept in glass vessels, packed in straw, and placed ii 
baskets, each vessel containing one-fourth to one-eighth of a hundredweight of the oil. Fc 
several days the oil had been frozen. It was carefully handled, and pieces were separated hj^m 
means of a piece of wood, and put into the bore-holes, and it was found that the frozen nitn> — * 
glycerine exploded quite as well as the fiuid. One day an overseer at the shaft hit upon thc^ 
unlucky idea of breaking into pieces with a pick a 700 or 800 lb. lump of the frozen, glycerine 
The blow caused the mass to explode, and tne unfortunate man was blown up into the air, 
fell back into the shaft, some 40 or 50 ft. deep, whilst two workmen, who were making 
a short distance from him, luckily escaped with slight injuries. 

Dynamite is made by mixing 75 per cent, of nitro-glycerine with 25 per cent, of powdered 

(silica). It has been introduced by A. Nobel, whose researches on nitro-glyoerine are so 

known. Dynamite retains all the properties of nitro-glycerine for blasting, but is not dsngewuBy^ 
as it may be handled freely, and does not explode by fire alone or when accidentally subiected toc^ 
percussion. In some experiments made by the inventor, a box containing about 8 lbs. of dynamited 
(equal in power to 80 lbs. of powder) was placed over a fire, where it slowly burned away^ 
Another box containing the same quantity was hurled from a height of more than 60 ft. on to t^ 
rock below, no explosion ensuing from the concussion sustained, ^cplosion is produced by meant^ 
of a percussion cap in the same manner as with nitro-glycerine. 

Schwartz's Blasting Gunpowder. — This powder is now much employed in mining. Its combnstioiL^ 
is slow but complete. The following analyses show why it is cheaper than ordinary powder: — 

I. n. 

Soluble salts 74*55 74*32 

Nitrate of potash 56*22 56*23 

Nitrate of soda 18*30 18*09 

The treatment by sulphide of carbon produced : — 

Dissolved sulphur 9*68 7*61 

Carbon remaining 14*14 15*01 

Moisture 1-78 11 

It is a coarse-grained powder, in which one part of potash nitre is replaced by nitrate of soda. 

In the first instance, one part of nitrate of soda for one part of nitrate of potash was used, but 
it was afterwards found best to employ a third of nitrate of soda. See Abtesian Wells. Battkbt. 
GuNPOWDEB. GuN-CoTTON. Obdnance. Quabryd^o. Teleobapht. Tunnelliko. 

BOTTLING MACHINE. Fb., Machine a mettre en bouteillea; Geb., Pfropfmaschine; Ital., 
Macchina da toppar bottiglie. 

The bottling machine, shown in Figs. 1211, 1212, is chiefiy used for soda and other aerated 
waters. It was invented by the late Hayward Tyler, and it is on the continuous principle. The 
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Hence, if I repreMDl the gtoM loftd of the tntia, 

a „ the vetghta on the wheels to whieh bmkea m 
R „ tho relardation in feet per second, 
g „ the foToe of gravity, 
Mid, if the train be on an incline. 



the slope of such incline. 



the ktter tena being used with the uegati 
irign when ascending, tho endient. 

" " = Bpaoe tniTeraed by train in coming to reat. 



sign when the train ia deaoending, and the podtiTB 



= Telocity in feet per second at the m 



the stum is shnt off and the bratea applied, 



It Bhonld be obeerred that theee eetimatea and formntsa, althoneh empiric*!, may b« foimd 
nseful in fonning rough eat!ms,tee ; and that, in estimating pmctJeaUT the space of time whieh 
should be required for a ttsin to stop in, one or two seconds should be allowed for tfme hat in 
applying the brakee. These combinationa will be referred to presently. 

SpeakiDg in general tenns, a brake consists of one or several segments of wood or metal, which 
can be pressed upon the circumference of a wheel, so as to prodiioe friotion, which, acting as a 
resiatance, reduces the velocity of that wheel. Fig. 1218 represents a brake so oonstmcted; the 
wooden blocks a, a, a, a, are connected by two strap* of iron, ,,,, 

movable round a fixed point O ; the ends A and B of these two 
straps are fastened to the Ml-<:rank A C B. As none of the '' 
centres of motion, A, B, C, are Hied, the arms A C, C B, 
the power of a toggle-joint. If the handle M of the bell-crank 
is moved in the direction indicated by the arrow, the blocks are 
forced to press apon the rim of the wheel, and frictioo is thus 
produced, which diminlnhes the velocity of the wheel which is 
anpposed to be in motion. In order to distribate the preasuie 
over a large surface, so that the materials in oantact be not 
altered, the brake ehoold necessarily embrace a sufficient part of 
the circle. Cntncs, and generally all machines for lifting and lowering weights bj means of 
handles, are provided with a brake acting upon a special wheel which infiaences the tuDTement 
of the chain barreL 

Also trains of great velocity are either slopped on inclines or their motion ia retarded aa rul- 
roads, as is well known, by applying a brake to the carriages. The brakes of comnton carriagea 
are wooden blocks placed near the back wheels ; hy means of a handle and a eorew, acting upon 
a system of levers, the blocks are pressed upon the rims of theee wheels. These brakes ats 
Bubstituted with advantage for the ancient wooden iihoo or sabot, which is still used by carters or 
wagonere : the use of that shoe is to prevent the wheel from turning, and it transforms the roUin 
friction into a sliding IHction, which is much more considerable; it produces thus a rr-'-" 




chain, which holds the sabot oi 
use is handier and safer. 

In railway trains the brakes act simultaneously upon all wheels of the same carriage. VarioDB 
comrtmctiona have been adopted for that purpose. Fig. 1219 shows one of the earliest, as used 
on the Veraailles railway. The equal segmentH aa\ j>6', cd, dit, are pUced at a little distance 
before and behind each wheel; they are suspended from the frame of the carriage by rods moving 
round fixed points. The levers mp and n p, jointed to the middle of the arcs b b' and c e', an 
connected at/j with a vertical rod pq, which has a screw at its end, and ia raised or lowered by 
means of the nut e. The raising of the point p brings the points m and n nearer to the wheels, 
with the power of a toggle-joint, and the arcs b6'andcc'are preaaed against the tires iritb giemi 
Sotce ; the same tahca place with the arcs a a' and d d', which are connected with the arcs b b and 
c c' hy means of the oonpling-rods a c and A' if ; in this manner four arcs or blocks press upon 
the wheels at the same time. The blocks are either made of wood and hooped with iron, or tney 




le entirely of iron 
this latter principle of constmctioD is adopted. 

The two bnke-Uocks 8 and 8', Fig. 1220, are connected with two equal leven A B and A.' B, 
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which are ^ain faetened to a third lerer B'BC, movable round a shaft O. The rod CD 
ooDDects the end C of the lever B' B C with the nut D D', vhich ie moved bockmrda and forwtld* 

by the screw V; this acrew, which can odIj move round its aita. but not in a longitndiDat 
direction, ia tnmed b^ wheel-!;enring from the box of the guard or brakee-man. Therefore, bj 
turning the brake-wbeet to the right, the nut D D' advances to the right and pulla the pointa 
C and B into the same direction, whilst the point B' is pushed into the opposite direction, and the 
blske-blocka ore consequently pressed upon the tires of the wheels. The coupling-rod CD', 
jointed at D', producei an ftnalogoun effect upon the following wheels. The reverse t»kea place 
if the brake-wheel be turned in ibt opposite directioa ; that is, the blocks B, S', are then removed 
tiom the wheels. 

In order to bring the brake ioto full action a certain time is always ret^nired, and nnmerom 
ooDstructions have been adopted for shortening this lime b« much as possible. One method ii 
that of employing a weight of an oblong form with a rook and picion on its longest vertical aide: 
this weight moves between guides in a vertical direction, and is kept in its plaoe by meaJii of s 
click or spring. As soon as the guard removes the click or cases the spring, Uie weight falls, and 
turning the pinion rapidly round its horizontal axis, traosfers the motiou to the brako-Uocki, 
ir previously described. B7 meuis of a handle the pinion is tnmed in lbs 



stopped in a very short time. 

But the advantages of this very great rapidity should not be exaggerated ; a train shcmld Dot 
be stopped instantaneously. To stop quickly is equal to a sudden slwck against an obstacle, and 
might produce serious accidents. H. Gentil, minmg engineer, bsa compared that shock with the 
one which the train would surtain by ftjling verticSiUy fkim a certain height : the following Table 
gives the results of his reseaichel ; — 
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The coDwqueDoos of the shock of an 
express Iratu suddenly stopped, 
would be tbe same as if thai 
train had fallen from a fourth 
floor, or from a height of 4ti fL 



The law in France demands one brake-van to seven carriages or less ; two brake-vans if the 
number of carriages varies between seven and fifteen ; three brake-vans for a train of more than 
fifteen carriages ; the tender-brakes are not included in that number. 

On tbe Turin-Genoa railway one brake-van to two carriages of a passenger train ia allowed ; 
and three wagons of a goods train to a brake-van. 

In Prussia ^ of the total number of wheels of a passenger train, and ^ of the wheels of a 
goods train, have to be provided with brakes, if tbe inclination of the line is not more than 
0^-0033 the metre. For an inclination between 0"" 0033 and 0'"-005, i and 4. have to be sub- 
stituted for these fractions, and ^ and ^ for an inclination between O'^'aOS and 0<°-010. 

Figs. 1221 to 1224 represent the arrangement of Btitmant's brake. 

It IS apparent from tliese fl^pires that the horizontal shaft a, supported by the brackets 11', is 
moved by mCHUs of a lent; level b, wiiich is connected at its end, by the two rods cc, with the 
nut d; this nul being raised or lowered by the spindle .7, Imnsfers thi ~' 
lever 6 and the shaft 1, but from there bImi by mesDs of the fnrkcd Ic 
to the wedges r r. These wedges are made of cast iron, and form 
two symmetrical parts, which are supported by means of a jnint or 
hinge: four sliding parts 0, o, two of which carry directly the bmke- 
blocks ji,p, whilst the two others are kept in their respective positiona 
by means of the pressure-rods >, 1, serving ns guides to the wedges. 

The greatest angle formed by these tjlidiug parts and the wedgea, 
during tbe inactivity of tbe brake, is 23 degrees ; at the moment of 
putting the brake in action this angle becomes less, since the sliding 
parts are pressed more towards the outside : and at the greatest 
pressure of the wedges against the sliding parts the angle is about 
IS) degrees. 

The tliread of the brake-screw i; ought to be double, so that the 
lever b, the end of which has to pass thmugb a very considerable arc, 
can be moved as quickly as possible. Tbe brake-blocks whirh are 
not directly fastenoi to the wedges are kept in their respective piwi- 
liona by means of the suspension-rods i t, and tlie horizontal rods u u. 
Tlie spiral springs : i keep the bnike-blocks during tlie inactivity of 
the broke at a sufficient distance fmm the tires, and thus prevent 
any nnneCOBsary friction. The free action of tile suspension-springs 
during the stopping of the wheels has now been obtained simply by 
bending the sliding ports 0, 0, which serve as guides for tbe wedges 
r r. to a certain an^le, and by making the holes in these sliding parts 
is given to the bole at tbe lower part of the suspension-rods ( 1, that 
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tected state, but Nobel now always adds 10 per cent, before sending any of his bbutmg liquid into 

the market. 

The transformation of protected into ordinary nitro-glyoerine is effected by thoioiighly agttsliDg 
it with water, and allowing the mixture to settle for a short while. By this means the water dis- 
solveir out the methyl-alcohol, and the mixture of spirit and water readily rises to the snrface, in 
virtue of its low specific gravity, and can be removed oy means of a siphon, or by simply pouring it 
off. The blasting liquid is now ready for use. It would seem that the methyl-aloonol is by uis 
means separated very readily from the nitro-glycerine held in solution by it. If protected blasting 
liquid be kept in a closed vessel, it will remain in that state for an indefinite period of time, and 
ready at any moment to be reduced or rendered fit for action ; if, however, it be exposed in an open 
vessel, it will regain its explosiveness, in periods of time proportionate to the amoiint or degree of 
exposure. 

The chief advantage which nitro-glycerine possesses is that it requires a much smaller hole or 
chamber than gunpowder does, the strength of the latter being scarcely one-tenth that of the foimer. 
Hence the miner's work, which, accoiding to the hardness of the rock, represents from five to twentf 
times the price of gunpowder used, is so short, that the cost of blae^g is often reduced to 50 p» 
cent. The process is very easy. If the chamber of the mine present fissures it must first be lined 
with clay to make it water-tight. This done, the nitro-glycerine is poured in and water after it^ 
which, being the lighter liquid, remains at the top. A slow match, with a well-charged peroiUKB 
cap at the end, is then introduced into the nitro-glycerine, or a fuze, to the extremity <x whiek is 
attach^ a small quantity of gunpowder, fixed immediately over the liquid. The mine may then 
be sprung by lighting the match, there being no need of tamping. Experiments were made with 
this new compound in the open port of the tin mines of Altcnburg, in Saxony. In one of them, a 
chamber, 34 millimetres in diameter, was made perpendicularly in a dolomitio rock, €0 fk. in 
length, and at a distance of 14 ft. from its extremity, which was nearly vertical. At a depth of 
8 ft., a vault filled with clay was found, in consequence of which the bottom of the hole was tamped, 
leaving a depth of 7 ft. One litre and a half of nitro-glycerine was then poured in ; it occupied 5 ft 
A match ana stopper wcro then applied as stated, and the mine sprung. The effect was so enot- 
mous as to produce a fissuro 50 ft. in length, and another of 20 ft. The total ^eet has not yet 
been ascertained, because it will require several small blasts to break the blocka that have been 
partially detached by this. 

Nitro-glycerine has, however, one disadvantage. It freezes at a temperature rery probably 
above 92^ Fahr., and it is said that even at a temperature of 48^ to 46° Fahr. the oil soudifiei to 
an icy mass, which mere friction will cause to explode. It is probable, however, that the freenng- 
point of the oil lies somewhat lower than is here stated, though as yet no exact determination of 
the f^reezing-point of the oil has been made. A newspaper from Hirschbei^, in Silesia, gives a sad 
account of an accident, caused by the frozen oil exploding by friction. Kitro-glyoerine was theie 
being used in making a tunnel. It was kept in glass vessels, packed in straw, and fdbeed in 
baskets, each vessel containing one-fourth to one-eighth of a hundredweight ot the oiL For 
several days the oil had been frozen. It was carefully handled, and pieces were aepaimted by 
means of a piece of wood, and put into the bore-holes, and it was found that the maea nitr^ 
glycerine exploded ouite as well as the fiuid. One day an overseer at the shaft hit vpan. the 
unlucky idea of breaking into pieces with a pick a 700 or 800 lb. lump of tiie ih>ien c^yoerine. 
The blow caused the mass to explode, and the unfortunate man was olown np into the air, and 
fell back into the shaft, some 40 or 50 ft. deep, whilst two workmen, who were m^lHng cartridges 
a short distance from him, luckily escaped with slight injuries. 

Dynamite is made by mixing 75 per cent, of nitro-glycerine with 25 per cent, of powdered sand 
(silica). It has been intro<luoed by A. Nobel, whose researches on nitro-glycerine aie so wdl 
known. Dynamite retains all the properties of nitro-glycerine for blasting, but is not dangeronSy 
as it may be handled freely, and does not explode by fire alone or when accidentally sabjeoled to 
peroussion. In some experiments made by the inventor, a box containing about 8 lbs. of dynamite 
(equal in power to 80 lbs. of powder) was placed over a fire, where it slowly bnmed away. 
Another box containing the same quantity was hurled from a height of more than 60 ft. en to a 
rock below, no explosion ensuing from the concussion sustained. Implosion is produced by means 
of a percussion cap in the same manner as with nitro-glycerine. 

Schwartzes Blasting Ounpofrder. — This powder is now much employed in mining. Itaoombnstifln 
is slow but complete. The following analyses show why it is cheaper than ordinary powder ^— 

I. n. 

Soluble salts 74*55 74*82 

Nitrate of potash 56*22 56*23 

Nitrate of soda 18*30 18*09 

The treatment by sulphide of carbon produced : — 

Dissolved sulphur 9*68 7*61 

Carbon remaining 14*14 15*01 

Moisture 1*78 11 

It is a coarse-grained powder, in which one part of potash nitre is replaced by nitrate of soda. 

In the first instance, one part of nitrate of soda for one part of nitrate of potesh was OBed^ bat^ 
it was afterwards found best to employ a third of nitrate of soda. See Abtesxan Wxlls. Bativet.^ 
Gunpowder. Gun-Cotton. Ordnance. Quarrtino. Telegrapht. Tunnslliho. 

BOTTLING MACHINE. Fr., Machine a mettre en bouteiUes; Geb., Pfropfmaschme; ItaIk^ 
Macchina da toppar bottiglie. 

The bottling machine, shown in Figs. 1211, 1212, is chiefly used for soda and other aente& 
waters. It was invented by the late Hayward Tyler, and it is on the oontinnoiu piineipleb Th^ 
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drawn from the barrel M through a suction-pipe K by a piston, a valve L being arranged so 
as to prevent the return of the liquid. The liquid is let into the bottle e from the pump- 
cylinder A through the valve G, which is operated by means of levers and rods. This valva 
is closed by means of a spring bar acting automatically. The plunger D is raised as aooa 
as pressure is removed from the treadle /; thus giving an intennittent motion tiie work is 
continued. 

BOTTOMING, or BALLASTING. Fb., Empierrement ; Gkb., Besteinung, Beschotterw^ ; 
Ital., Imbreuiare Inghiaiare, 

Qaa "Phtrm a TfKTffT WAV 

BOULDER-PAVING. Fr., Paixfen galet; Geb., Rdhteinpfiaster ; Ital., Ciottotato, 

See Construction. 

BOULDER -WALLS. Fr., Mur en galet; Gkb., RoUsUin Mauenoerk; Ital., Murahira di 
eiottoli. 

See Construction. 

BOUNDARIES. Fr.. Limite; Ger., Grenze; Ital., Confine, 

In making a survey, the boundaries of the counties, parishes, and the several estates, an 
required to \^ marked correctly thereon ; in ascertaining which, it is generally found necenuy 
to procure the services of parties locally acquainted with the ground to be surveyed. 

In the case of* property divided by hedge and ditch, the brow of the ditch is generally the 
boundary ; which, of course, forms the line to be measured. In some districts the roots of tho 
Quicks, or the foot of the bank, forms it : a width of 15 links is usually allowed for a hedge and 
ditch, 6 links for ditches between neighbouring estates, and 7 for those nearest roads, that is, bm. 
the roots of the quicks. See Geodesy. Surveying. 

BOW-COMPASS. Fr., Compos a pompe ; Ger., Federzirhel ; Ital., Ccmpassino da circoli. 

A pair of compasses for describing small circles with ink, is sometimes called a 6ott>compan. 
See Compasses. 

BOW-PEN. Fr., Tire-ligne ; Ger., Beissfeder ; Ital., Penna a serbatoio. 

This pen is often termed a drawing pen : the part of it which holds the ink is formed of two 
cheeks which are bowed out towards the middle, and regulated by a screw. See Compassbb. 

BOW-DRILL. Fr., Archelet ; Ger., Drillhogen, Fidclbogen ; Ital., Trapano ad archetto. 

See Hand-Tools. 

BOW-SAW. Fr., Scie a chantoumer^ sde en archet ; Ger., Schweifsage ; Ital., Seghetto, 

See Hand-Tools. 

BOX. 

A cylindrical, hollow iron, used in wheels, in which the axle revolves, is called an axle- 
box. 

A box 'drain is a term generally applied to a small drain with vertical sides. See 
Drainage. 

BOXING OP A SHUTTER. 

The part into which a shutter is folded when not required for use. It is formed by the 
inside lining of the sash-frame, the grounds of the architrave, and the back lining. See bASH- 

FRAME. 

BOYAU. Fr., Boyau; Ger., Gang des Laufgraben; Ital., Bamo di trinciera; Span., Ramal. 

Boyaux, or boyaus, are small trenches, or branches of a trench, leading to a magazine, or to 
any particular point. See Fortification. 

BRACE. 

A brace is that part of a piece of framing which is subject to tension or compression, such as 
the diagonal bars of a Warren girder. It differs from a strut^ which is subject to compression ; or 
from a tie^ which is subject to tension only. See Bridges. 

BRACKET. Fr., Paliery console, tasseau; Ger., Unterlage, Lager, Consol; Ital., Menaola, 
Beccatelto. 

A bracket is an arm which projects from the face of a wall or post, chiefly used to sustain a 
shelf, roof, cornice, or other overhanging structure. It is usually supported at the outer end by 
a strut, as A C, Fig. 1214. 
The strain tending to pull the 
bearer A B out of its socket at 
B is represented by W tan. a ; 
and that portion of the load 
which is transmitted to the wall 
along the strut A C is rcpre- 

W 

sented by ; W being the 

COS. a ° 

weight assumed to be concen- 
trated at the point A, and a the 
angle which the strut makes 
with the wall. When the load 
is distributed over the bearer 
AB, the strains on it and on 
the strut A C will be reduced 
to one-half. The vertical strain 
or pressure on the wall or up- 
right of the bracket will be equal to the load. A distributed load will cause a transverse strain 
on the bearer itself, in the same manner as a beam supported at both ends, or supported at one 
end and fixed at the other, as the case may be. In a solid bracket, or one of ornamental shape, 
as Fig. 1215, the strain at B is all that is usually required, and may be ascertained on the prm- 



1214. 



1215. 
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Henoe, If / ropresent the giaea load of the train, 
uT „ the weights on the wheels to 
R „ the retaj-datioQ in feet per ae 

g „ the force of gTsvitjr, 
and, if tbe treio be on &ti incline, 



represent the slope of anoh incline, 



»-(m + i±?)f' 



the letter term being used with the negative sign whea the train ia desDeadiog, and the poaitiTe 
sign when ascending, the nadient. 

If 8 = space traversed by train in coming to rest, 

c = Telocity in feet per second at the moment the atoam i* shnt off and the brakes KppUad, 



It shoiild be observed that these estimates and formalu, although empliioal, ma^ be fonnd 
nseful in forming rough estimates ; and that, in estimating practically the spaoe of time which 
sbonld he required for a train to stop in, one or two seoonds should be allowed for time lost in 
applying the brakes. These combinations will be referred to presently. 

^peaking in general terms, a brake consists of one or several segments of wood oi *"' "' *" 
m be pressed upoc the circumference of a wheel, so as to produce friction, whiel 






rocted; tbe 




reaiatance, reduces the velocity of that wheel. Fig. 1218 ^ 

wooden blocks a, a, a, a, arc connected bj two strape of ii 

movable round a fixed pnint O ; the ends A and B of these two 

straps are fastened to the belUTaak A C B. As none of the ^ 

centres of motion. A, B, C, are filed, (he flraia A C, C B, 

the power of a toggle-joint. If (he handle M of the bell-ciank 

is moved in the direction indicated by the arrow, the blacks are 

forced lo prew npon the rim of the wheel, and friction ia thus 

produced, which diminishes the velocity of the wheel which is 

supposed lo be in motion. In order to distribute the pressure 

over a large surface, so that the materials in contact be not 

altered, the brake should necessarily embrace a snCBcient pact of 

the circle. Cranes, and generally all machines for lifting and lowering weights by means of 

baodles, are provided with a brake acting upon a special wheel which inQuenoes the moTem^it 

of the chain barrel. 

Also trains of great velocity are either stopped on inclines or their motion is retarded on rail- 
roads, as is well known, by applying a brake to the carriages. The brakes of oommou oairiages 
are wooden blocks placed near the oack wheels: by means of a handle and a screw, acting upon 
a system of levers, tbe blocks are pressed upon the rims of these wheels. These brakes are 
substituted with advantage for tbe ancient wooden uhoe or sabot, which is still used by carters or 
wagoners ; the use of that shoo ia to pevent the wheel from turning, and it tianaforma the rolling 
friction into a aliding friction, which is much more considerable; 11 produces thus a resistance 
which tends to diminish the velocity of tbe carriage and to prevent its aocelerotion in descraiding 
inclines. Bnt the use of the shoe ia very incommodious, and serioua accidents may happen if the 
chain, which holds the sabot or shoe, breaks. The brake acts in a more gradual manner, and it* 
use is handier and safer. 

In railway Iraina the brakes act slmultaneansly upon all wheels of the same carriage. Various 
constructiona have been adopted for that purpose. Fig. 1219 shows one of the earliest, as naed 
on the Versailles railway. The equal segments aa\ bb', cc', dd", are placed at a little distance 
before and behind each wheel ; they are suspended from the frame of the carriage by rods moriug 
round fixed points. The levers mpimd np, jointed to the middle of the area t6'and cc', are 
connected at p with a vertical rod p q, which bos a screw at its end, and is ivised or lowered bj 
means of the nut e. Tbe raising of the point p brings the points m and n nearer to the wheels, 
with the power of a toggle-joint, and the arcs bh' and c<f are pressed against the tires with great 



le takes place with the 
ec' by means of the coupling-rods ac and i'lf 
the wheels ' " ™ . 






. which are oonnected with the ai 







are made entirely of iron. Pig. 1220 represents a brake operated by compound levers: in general, 
this latter principle of constrnetion is adopted. 

The two brake-Uocks 8 and S', Fig. 1220, are oonnected with two eqnal levers A B and A' B, 
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whiob ftre agftin fastened to a third lever B'BC, movable rotmd n Bhaft O. The lod CD 
eouaects the end Cor the lever B'BC vith the nut DD', vhioh U moved l»ckwuds and fonraid* 
by the screw V ; this ecren, whicti can ont; move roand ita aita, but not in a longitodtnal 
direction, is turned by wheel-geariog from the box of the gu&id or brcdiee-man. Therefore, bj 
tuminf; the brake-wheel to the ri^ht, the nut D D' advances to the right and pulls the point* 
C and B into the same directioo, whilst the point B' is pushed into the opposite direction, and the 
brake-blocks are oonsequently pressed apon the tires of the wheels. The ooupllng-iod CD*, 

J'ointed at D', produces an analogous effect upon the following wheels. The reverae takes place 
r the brake-wheel be turned iu the opposite direction ; that ia, the blocks B, S', are then removed 
from the wheels. 

In order to bring the brake into full action a certain time is always reqoired, and nnmeroas 
oonstructions have boon adopted for shortening this time as much ea possible. One method ii 
that of employing a weight of an oblong form with a tsck and pinion on its longest vertical aide : 
this weight moves between guides in a vertical direction, and is kept in its plaoe by meiuu of a 
click or Bprin^. As soon as the guard removes the click or cases the spring, the weight falls, fnA 
turning the pinion rapidly round its horizontal axis, transfers the motion to the brake-blocks 
which act in the manner previously deacribed. By means of a handle the pinion is turned in the 
opposite direotion, the weight is raised, and again fastened in its former position. It will be seen 
that the aolicm of the brake under these citciunetonces must be very rapid, and a train cui be 
stopped in a very short time. 

But the advantages of this very great rapidity should not be exaggerated ; a train should not 
be stopped instantaneously. To stop quickly is eqaal to a sudden shock against an obstacle, and 
might produce serious accidents. H. Gcnti^ mining engineer, has compared that shock with the 
one which the train would sustain by falling verticaQy from a certain height : the following Table 



gives the results of his researches ! 
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u is allowed; 



The law in France demands one braWvan to seven carriages or li 
number of carriagea varies between seven and fifteen: three brake-vai 
fifteen varriagea ; the tender-brakes are not indudod in that number. 

On the Turin-Genoa railway one brake-van to two carriages of a p 
and throe wagons of a goods train to a brnke-van. 

In Prussia ^ of the total number of wheels of a passenger train, and \ of the wheels of a 
goods train, have to be provided with brakes, if the inclination of the line is not more than 
0°"0033 the mi^tre. For an inclination between 0'°-0033 and 0'"'005, 1 and f have to be sub- 
stituted for these fractions, and J and ^ for an inclination between O^-OOS and O^OIO. 

Fies. 1221 to 1224 represent the arrangement of Stilmant's brake. 

It IS apparent from these figures that the horizontal shaft a, supported by the brackets 1 1, is 
moved by means of a long lever 6, which is connected at its end, oy the two rods c c, with the 
nut d; this nut being raised or lowered by the spindle .17, transfers thus its motion, not only to the 
lever b and the shaft a. but from there also by means of the forked luvers 111, m, and the riids n, b, 
to the wedges r r. These wedges aro msde of caat iron, and form ,,j^ 

two symmetrical parts, which are supported by m«ins of a joint or 
hinge: four sliding flats 0, 0, two of which carry directly the brake- 
blo^ p,p, whilst the two others arc kept in their respective positiom 
by meana of the presHiue-iods 9, i, serving as guides to the wedges. 

Tho greatoat angle formed by these sliding parta and the wedges, 
during the inactivity of the brake, is 23 dtgreea ; at the moment of 
putting the brake in action thia angle becomes less, since the sliding 
ports are pre.ised more towards the outside : and at the greatest 
of Ihe wedges ogainst the sliding parts the angle is about - 



The tlircad of the brake-screw 7 ought to be double, so that the 
lever 6, the end of which has to pass through a very considerable arc, 
can be moved as quickly as possible. Tho brake-blocks which are 
not directly fastennl to the wedges are kept in their respective posi- 
tions by means of the suspeoHion-rods tt. and the horizontal rods hu. 
The spiral springs : i keep the brake-blocks during tlic inactivity of 
the brake at a sufficient diutance from the tires, and Ibus prevent 
any unnecessary friction. The free action of the suapensioo-springa 
during the slopping of the wheels hns now been obtained simply by 
bending the sliding parts o, 0, whirh serve as guides fur the wedges 
r r, to a certain angle, and by making the tioles in thCEe sliding parti 
is given to the hole at the lower part of the auspeneioD-rods ( /, that is to say, where these rocla 
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stituted, we have Q = 



30 X 0-22 2 X 314 x 0023 - 008 x OOM 



= 727^*89, or about 728 



0023 0044 + 2x314x0023x 008 
kilog^rammes. 

The effective weight of the suspension-rods cc = 16^ has to be added to this preasore, so that 
the total force at the end of the lever 6 is equal to Q = P^ = 728 + 16 = 744 JdlogTammefl. 

Calling, therefore, 

L = 2'" • 065, the length of the lever 6 ; 

p = 80'^ , its own weight reduced to the centre of gravity ; 

Lj = 0<° '970, distance of centre of gravity from the centre of the horizontal shaft ; 

/ = 0*" *365, length of the small levers ; 

Pi = 18'' , weight of the lever reduced to its centre of gravity ; and 

/j = 0°* *200, distance of centre of gpravity from the centre of the horizontal shaft ; 

P T -1. •» T m^ n I 

the pressure produced by the lever is eqiial to Qj = — j-^ — ^^ ; or substituting again 



the given values, Q^ = 



744 X 2065 + 8 X 097 + 18 x 02 

0-365 



= 4431^-67, or very nearly 4432 



kilogrammes. 

Adding again the effective weights of the suspension-rods n n, of the bolts for the joints of the 
wedges, &c., equal to 53 kilogrammes, we get the total pressure produced upon the wedges, 

Q, = P, = 4432 + 53 = 4485 kilogrammes. 

Taking, finally, the angle formed by the two parts of the wedges at the moment the brake is 
applied, a = 19^, therefore /3 = 80° 30', and /i = 0'18 the coefficient of friction of the wedges, 

we get altogether the considerable pressure of Q- = — ^o-;,— . 4S — —;r^ — — — X P., or 
^ ^ f ^ 2 (1 -F /, tang. /8) *' 

^ tang. 80<-30' -f 2 x_018 -f 0>18»x tang. 80^30- ^ ^ ^,^ ^ ^^^ ^ ^^^^^ kUogrammes, 
^ 2 (1 + • 18 X tang. 80° 30') ^ -oxugnumuw, 

Q 12105 
which gives a pressure upon each brake-block oi -J = — — = 3026 kilogrammes. 

This pressure is considerably increased by the impulse given to the blocks from the wheels as 
they rotate ; according to experiments made with the pressure or coupling rods s s, it can be taken 
AS 4500 or 5000 kilogrammes. Now, if the coefficient of friction of tne block be put equal to 0*4, 
the effort of this friction will bo T = 4500 x 0*4 = 1800 kilogrammes, which is much greater than 
the adhesion of the wheels. 

Time required for the Action of the Brake. — Although the stopping of wheels by means of screw- 
brakes is generally considered a slow operation, yet stopping a train by Stilmant's system is an 
exception, on account of the rapidity of its action, which is as prompt as in the best constructions, 
while at the same time it possesses many other advantages. Besides, the small space between the 
brake-blocks and the tires of the wheels very much facilitates the quick and effective action of 
Stilmant's brake. 

Supposing now that in a well-constructed brake the distance between blocks and tires is 
equal to 0""()03, and taking the play between the axle-boxes and the plates in which they move 
to equal O'^'OOS, we find : — ^That the friction between the blocks and the tires of the wheels only 
commences when the blocks will have passed through a distance of 0'"*003 (a); and that the 
braking of the wheels takes place immediately after a distance of 0™*006 (which may be less) is 
passed (6). 

It is thus necessarv to determine the distance B Bj = C Gj, Fig. 1229, which the wedges have to 
travel before the blocks touch the wheels. 




i\« it ! 

For this purpose we find in the triangle E D F, at first, that E = -^ = ll°30',andDF = 0»-003; 

next, that E = — = 9° 30', and D F = 0'°-003; and consequently (a) for the contact between 
blocks and tires; EF = BB, = DF ootang. E, or B B, = 0003 cotang. 11° 30* = 0--01472, 
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water ; and finally the tin tube was pnllod over the I'oint, and fixed by oompresBing the endi, for 
the purpose of imparting rigidity to the junction, and thus protecting it from injtiry by a eaadm 
twist or strain. By these arrangements the perfect exclusion of water from the charge, and £roiD 
its connection with the branch wire, was enccted. In an equipment prepared for efTeeting 8ob> 
marine explosions, by means of an electric current established by a permanent magnet, in China, 
stout bags of vulcanized india-rubber were provided for the reception of the charges. These b^s 
were fitted with sockets and screw-plugs of gun metal. The fuzes furnished for use with these 
bags were attached to two pieces of covered wire, about 18 in. long, which were enclosed sidfi hj 
side in a cylindrical plug of gutta-percha. Fig. 1209, about 4 in. long, and careftilly made to foim 

1209. 







one mass with the coating of the enclosed wires. This plug was made to fit pretty tightly into 
a thick washer of india-rubber contained in the socket of the bag. An inner sorew-socket, which 
was brought to bear with great force upon a metal ring resting on this washer, when the plug 
had been inserted, compressed its internal surface against the latter in such a way as to eaamt % 
perfectly water-tight joint. 

The first trials of these charges were made in a shallow canal with a mnd bottom, and from 
which at the time of experiment the water was receding so rapidly, that before the whole of the 
charges had been immersed several of them were left half-imbedded id the mud. Twenty-five 
charges were arranged, of which thirteen were exploded, though less rapidly than in the experi- 
ment on land. On the next occasion, when twenty-five charges were reg^ularly gurroonded by 
water, simply resting upon the firm bed of a pond of some depth, only four of the charges were 
exploded. Several other attempts were made to fire a small number of (ten and five) chaigai 
similarly immersed, but in every instance only four were ignited. A careful examination into the 
cause of the invariable explosion of so comparatively limited a number of charges under water led 
to the following explanation. 

It will be remembered that the explosion of numerous charges in a divided drooit by the 
magneto-electric apparatus with revolving armatures is efiected by the action of an exceedingly 
rapid succession of currents. The rapidity with which they follow each other, however great, 
cannot equal that with which the terminals of a fuze, exploded in a small charge under water, 
come into contact with the latter after the explosion. The instant this ooonra a complete oiitsuit 
is established through the water, and any furtner action of the currents is at once arrested. 

By the time, therefore, that four charges had been ignited in extremely rapid saooesBion, so as 
to be apparently exploded at once, a sufficient interval of time had in reality elapsed to allow the 
water to re-occupy the space filled for a brief period by the gaseous products of the first exfdoaion, 
and thus to rush in upon and complete the circuit with the terminals of the fuze. The pi 
of soft iron K, when attracted by the temporary magnet 21, shown in Fig. II93, is termed 
armature. 

It is believed that charges are generally so arranged for submarine operations as to be _ 
or completely surroimded by the objects upon which the force of the exploding charge is to 
exerted, and that they are even at times firmly fixed in their position by being partly or wholl; 
imbedded in sand, mud, or some similar material. In such cases the resistance to he oyeroomi 
by the explosion is greater than if, under conditions otherwise similar, the charges were simply i 
direct contact with the water, and hence the interval is increased which must elapse before th( 
water can complete the circuit of electricity. 

The results of some experiments made at Chatham appear to show that, under such ciroom- 
stances, the number of charges ignited at one time by the magneto-electric apparatus must he 
greater than if they were simply immersed in water. One experiment has alreaoy been mentioned^ 
in which thirteen charges out of twenty-five were exploded at one time, most of them bein^ 
imbedded in mud. 

On another occasion the charges were placed in small pits filled with water, the canisters bein^ 
covered in with mud beneath the latter. Nine of tlie charges were fired ; the branch wire of the 
tenth was accidentally severed at the moment of the explosion, from its lying across one of the 
pits. 

An attempt was made to fire simultaneously fourteen charges similarly arranged, by the current 
obtained from a large lever-magnet, but only seven were exploded ; the other seven were fired 
on a second trial. It should be mentioned that the length of extended wire and the interval 
between the earth-connections were greater in these experiments than in those made at Woolwi^ 
with the large magnet, in which twenty-five charges were fij-ed with perfect certainty by tlie single 
current obtained from it. Possibly the very great difierence in the results obtain^ might have 
been partly due to some minute defects in the insulation of the branch wires employed atOhatham, 
which escaped notice on the inspection of the wires, but sufficed to diminish tne intensity of the 
current when these were immersed in water. 

It is most difficult, even in a long-continued series of carefully-observed experiments, to separate 
the pure results furnished by the application of a system, from results whicn are brought about, 
or at any rate greatly modified, by accidental circumstances. It appears, however, apart £rom the 
latter, that in the application of electricity (whether frictional or magnetic) to ue exploBion of 
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as ilie etfoctB to be produoed by the current are modified by the redstanoe offered to it in 



asage — 
much loBB 
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very considerable len^h, and that the effects of the current seem 
loBB when the insulated wire is extended than when it is employed in the form of a 

le retardation in the explosion of several charges in divided circuit by a rapid succession of 

it% and the diminution in the number of charges fired by one single powerful current, both 

ioh results were repeatedly noticed in the course of the many experiments with the galvanic 

y, and with the permanent magnet, could only bo ascribed to modifications in the intensity 

electricity by the greater resistance which is encountered. 

•bert Hare, Professor of Chemistry in the University of Pennsylvania, was the first who 

d electrioify to the explosion of mines. Hare found, if an elec- 

ozrent of sniBcient force was established in a circuit (X Y Z, A 

193) of copper wire by either a permanent magnet, or galvanic 

y, that a UKirt piece of iron wire (Q, Fig. 1193), much thinner 

the copper wire, making part of the circuit (P R, 23, Fig. 

was Dumt, and explooea gunpowder and other explosive 
ooea through which the iron wire was made to pass. Harc*s 
erj may be practically applied by the following simple pro- 
-Two copper wires, AB, CD, Fig. 1210, being procured, 
^ in. in diameter and 10 ft. in length, well covered with 
r oottoQ tarred, so that their insulation may be good. These 
ire twisted together for a length a 6 of 6 in., care being taken 
re their lower extremities, at B and D, free, for a length of 
I an in. (separating them about | an in.) ; from the extremities 
the immlating envelope must be removed ; and a fine iron wire 
tolled between B and D. Metallic contact must be established 
m the iron and the copper. The upper extremities A, C, of 
D oopper wires are connected with a circuit. For example, if 
Bf. 1210, be connected with P, Fig. 1193, and C with R, the 
file BD will be consumed as soon as a galvanic or electric 
A, aufficiently powerful, is established by ii^erting the contact- 
[, Fig. 1193. 

pAwtotf Compounds Employed in Blasting, — Nitro-Glycerine is a 
powerful explosive agent, and olthough not extensively used 
Inland, it has been most successfully employed on the Continent and in America. It was dis- 
ci by Asoagne Sobero, an Italian,' in 1847, but its practical application to mining purposes 
loqMdly due to the researches of Alfred Nobel, a Swedish mining engineer. 
tro^lyoerine is made in the following manner : — Fuming nitric acid (sp. gr. about 1 * 52) is 

with twice its weight of the strongest sulphuric acid, in a vessel kept cool by being sur- 
»d with cold water. When this acid mixture is properly cooled, there is slowly poured into it 
moie than one-sixth of its weight of syrupy glycerine ; constant stirring is kept up during the 
n of the glycerine, and the vessel containing the mixture is maintained at as low a tempe- 

M poBsibie by means of a surrounding of cold water, ice, or some freezing mixture. It is 
Mry to avoid anv sensible heating of the mixture, otherwise the glycerine, which is the sweet 
lie of oil, would be, to a considerable extent, transformed into oxalic acid. When the action 

nitro-glyoerine is produced. It forms on the surface as an oily-looking fluid, the undeoom- 
gnlphurio acid forming the subjacent layer, owing to its greater si)ecific gravity. The whole 
te ii then poured, with constant stirring, into a large quantity of cold water, when the relative 
B gravities become so altered that the nitro-glycerine subsides and the diluted acid rises to 
rfboe. After the separation in this manner into two layers is effected, the upper layer may 
M)>ved by the process of decantation or by means of a siphon, and the remaining nitro- 
ine it washed and re-washed with fresh water till not a trace of acid reaction is indicated by 
itmua paper. The final purifying process, pursued by Nobel, is to crystallize the nitro- 
ine tnsm its solution in wood naphtha. This final process is not necessary when the com- 

ifl to be used at once. 

piepared in this manner, nitro-glycerine is an oily-looking liquid, of a faint yellow colour, 
fcqr inodorous, and possessed of a sweet, aromatic, and somewhat piquant taste. It is poison- 
nail doses of it producing headache, which may also bo produced if the substance is absorbed 
ie blood through the skin, and hence it is not desirable to allow it to remain long in contact 
he ikiD, but rather to wash it off as soon as possible with soap and water. Glycerine has a 

gravity of 1*25-1 -26, but the nitro-glycerine has a specific gravity of almost 1*6, so that 
heavy liquid. It is practically insoluble in water, but it readily dissolves in ether, in ordi- 
inic alcohol, and in methylic alcohol or wood spirit. If it be simply exposed to contact with 

does not explode, although it is so powerful as an explosive. A burning match may be 
noed into it without producing any explosion ; the match may be made to ignite the liquid, 
mbnation will cease as soon as the match ceases to bum. Nitro-glycerine may even be burned 
ana of a cotton wick or a strip of bibulous paper, as oil from a lamp, and as harmlessly. It 
m fixed and perfectly unchanged at 212° Fahr. ; if heated to about 360°, however, it explodes. 
natea when struck by the blow of a hammer, but only the part struck by the hammer ex- 
; the surrounding liquid remains imchangefL 

the carriage of nitro-glycerine is dangerous, many trials have been made to render it 
Olive, and to restore its explosiveness with equal readiness. Nobel's method of making it 
drive is at once simple and effective. It is to mix with it from 5 to 10 per cent, of wood 
when all attempts at explocling it are rendered utterly futile. Five per e^jnt. of methyl- 

1 If said to be amply suflicient to transform the nitro-glycerine into the incxplosive or pro- 
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tected state, but Nobel now always adds 10 per cent, before sending any of his blasting liquid into 
the market. 

The transformation of protected into ordinary nitro-glvoerine is effected by thoroughly agitating 
it with water, and allowing the mixture to settle for a short while. By this means the water dit- 
solveir out the methyl-aloohol, and the mixture of spirit and water readily rises to the surfaoef in 
virtue of its low specific gravity, and can be removed by means of a siphon, or by simply pouring it 
off. The blasting liquid is now ready for use. It would seem that the methyl-aloonol is by wis 
means separated very readily from the nitro-glycerine held in solution by it. If protected blasting 
liquid be kept in a closed vessel, it will remain in that state for an indefinite period of time, and 
ready at any moment to be reduced or rendered fit for action ; if^ however, it be exposed in an open 
vessel, it will regain its explosiveness, in periods of time proportionate to the amount or degree of 
exposure. 

The chief advantage which nitro-glycerine possesses is that it requires a much smaller hole or 
chamber than gunpowder does, the strength of the latter being scarcely one-tenth that of the fonner. 
Hence the miner's work, which, according to the hardness of the rock, represents from five to tweotj 
times the price of gunpowder used, is so short, that the cost of blasting is often reduced to 50 ptf 
cent. The process is very easy. If the chamber of the mine present fissures, it must first be lined 
with clay to make it water-tight. This done, the nitro-glycerine is poured in and water after it^ 
which, l>eing the lighter liquid, remains at the top. A slow match, with a well-chaiged pereosm 
cap at the end, is then introduced into the nitro-glycerine, or a fuze, to the extremity of which is 
attached a small quantity of gunpowder, fixed immediately over the liquid. The mine may thea 
be sprung by lighting the match, there oeing no need of tamping. Experiments were made with 
this new compound in the open part of the tin mines of Altenburg, in Saxony. In one of these, a 
chamber, 34 millimetres in diameter, was made perpendicularly in a dolomitic rock, 60 ft. in 
length, and at a distance of 14 ft. from its extremity, which was nearly vertical. At a depth of 
8 ft., a vault filled with clay was found, in consequence of which the bottom of the hole was tunped, 
leaving a depth of 7 ft. One litre and a half of nitro-glvoerine was then poured in ; it occupied 5 ft 
A match and stopper were then applied as stated, and the mine sprung. The effect was so enor- 
mous as to produce a fissure 50 ft. in length, and another of 20 ft. The total effect has not jet 
been ascertained, because it will require several small blasts to break the blocks that have been 
partially detached by this. 

Nitro-glycerine has, however, one disadvantage. It freezes at a temperature very probaUy 
above 92^ Fahr., and it is said that even at a temperature of 43° to 46° Fahr. the oil solidifies to 
an icy mass, which mere friction will cause to explode. It is probable, however, that the freezing- 
point of the oil lies somewhat lower than is here stated, though as yet no exact determination of 
the f^zing-point of the oil has been made. A newspaper from Hirschberg, in Silesia, gives a sad 
account of an accident, caused by the frozen oil exploding by friction. Nitro-glycerine was tbers 
being used in making a tunnel. It was kept in glass vessels, packed in stntw, and placed in 
baskets, each vessel containing one-fourth to one-eighth of a hundredweight of the oiL For 
several days the oil had been frozen. It was carefully handled, and pieces were separated by 
means of a piece of wood, and put into the bore-holes, and it was found that the frozen mtn>- 
glycerine exploded quite as well as the fiuid. One day an overseer at the shaft hit upon the 
unlucky idea of breaking into pieces with a pick a 700 or 800 lb. lump of the fh>zen glycerine. 
The blow caused the mass to explode, and the unfortunate man was olown up into the air, and 
fell back into the shaft, some 40 or 50 ft. deep, whilst two workmen, who were making cartridges 
a short distance from him, luckily escaped with slight injuries. 

Dynamite is made by mixing 75 per cent, of nitro-glycerine with 25 per cent, of powdered sand 
(silica). It has been introduced by A. Nobel, whose researches on nitro-fflyoerine are so well 
known. Dynamite retains all the properties of nitro-glycerine for blasting, but is not dangerous, 
as it may be handled freely, and does not explode by nro alone or when accidentally subjected to 
percussion. In some experiments made by the inventor, a box containing about 8 lbs. of dynamite 
(equal in power to 80 lbs. of powder) was placed over a fire, where it slowly burned away. 
Another box containing the same quantity was hurled from a height of moro than 60 ft. on to a 
rock below, no explosion ensuing from the concussion sustained. Explosion is produced by means 
of a percussion cap in the same manner as with nitro-glycerine. 

Schioartz'a Blasting Gunpowder. — This powder is now much employed in mining. Itsoombiistkin 
is slow but complete. The following analyses show why it is cheaper than ordinary powder: — 

I. n. 

Soluble salts 74*55 74*32 

Nitrate of potash 56*22 5623 

Nitrate of soda 18*30 18*09 

The treatment by sulphide of carbon produced : — 

Dissolved sulphur 9*68 7*61 

Carbon remaining 14*14 15*01 

Moisturo 1*78 11 

It is a coarse-grained powder, in which one part of potash nitre is replaced by nitrate of aoda. 
In the first instance, one part of nitrate of soda for one part of nitrate of potash was used, but 
it was afterwards found best to employ a third of nitrate of soda. See Abtesian Wells. Battbbt. 

GUWPOWDKB. GUN-COTTON. ObDNANCE. QuABRTINO. TeLEGBAPHT. TUNinUiLIKO. 

BOTTLING MACHINE. Fb., Machine a mettre en bouteilles; Geb., Pfropfmaschine; Ital., 
Macchina da toppar hottiglie. 

The bottling machine, shown in Figs. 1211, 1212, is chiefly used for soda and other aerated 
waters. It was invented by the late Hayward Tyler, and it is on the continuous principle. The 



EsDoe, ff I KproseDt the gims lo«d of the train, 

u „ the weights on the vheels to vhich brakes sre applied, 
R „ the reludation in feel per leoaiid, 
g „ the force of gravity, 
and, if the train be od an incline, 

~ represent the slope of moh incline, 






the latter term being used with the negative sign when the train u descending, and the paritiTe 
sign when ascending, the gmdient. 

If S = space trsvenad by train ineoming to rest, 

D = velocity in feet per second at the moment the »team is shot off and the brakes applied. 




It ihonld be obmrved that tke«e eetimates and foTronlu, althonKh empirieal, may be fonod 
useful in forming rough estimates ; and that, in eetimattog practicallT the spMO of time which 
should be required for a tmin to stop in, one or two seconds ahonld be allowed for time lost In 
applving the brakes. These oombinationB will be referred to presently. 

Speaking in general terms, a brake consists of one or seveial segments of wood or metal, which 
can be prewed upon the ciroumferenoe of a wheel, so as to ptoduce friction, which, acting as a 
reaiatftnoe, reduces the velocity of that wheel. Fig. 1218 represents a brake so constructaa; the 
wooden blocks a, a, a, a, are connected by two straps of iron, ,„g 

movable round a flxed point O ; the ends A and B oi these two 
straps are fastened to the MUraa), A C B. As none of the •'- 
centres of motion, A, B, C, are Sied, the arms A C, C B, have V 
the power of a toggle-joint. If the handle M of the bell-crank 
ia moved in the direction indicated by the arrow, the blocks are 
forced to press upon the rim of the wheel, and friction is thus 
produced, which diminishes the velocity of the wheel which is 
supposed to be in motion. In order to distribute the pressnre 
over a large mirfaix, so that the materials in contact be not 
altered, the bnbe should necessarily embrace a sufficient part of 
the circle. Cranes, and generally all machines for lifting and lowering weights by means of 
luuidloB, are provided with a brake acting upon a special wheel which i^aences the movement 
of the chain barreL 

Also trains of great velocity are either stopped on inclines or their motion is retarded on nH- 
roads, as is well known, by applying a brake to the tsrrisges. Tbe brakes of common carriages 
are wooden blocks placed near the back wbeets ; by means of a handle and a screw, acting upon 
a system of levers, the blocks are pressed upon the rims of these wheels. These brakes are 
substituted with advantage for the ancient wooden shoe or sabot, which is still used by carters or 
wagoners ; the use of that ehoe is to prevent the wheel from tuming, and it transforms the rolling 
friction into a slidine friction, which is much more considerable: it produoes thus a resiatanoe 
which tends to diminish the velocity of the carriage and to prevent its acceleration in descending 
inclines. But the use of the shoe is very incommodious, and serious accidents may happen if tha 
chain, which holds tbe sabot or shoe, breaks. The brake acts in a more gradual mamier, and its 
use is handier and rafer. 

In railway trains the brakes act aimnltaneouBly upon all wheels of the same carriage. Variona 
constmctions have been adopted for that purpose. Fig. 1219 shows one of the earliest, as used 
on the Versailles railway. The equal segments a a', b 6', c c', d (t, are placed at a little distanoe 
before and behind each wheel ; they are suspended from the frame of the carriage by rods moving 
round filed paints. The levers mpand np, jointed to the middle of the arcs bb'snd cc', are 
connected at p with a vertical tcApq, which has a screw at its cod, and is raised or lowered by 
means of the nut e. The raising of the point p brings the points m sjid n nearer to the wheels, 
with the power of a t<%gle-joint, end the arcs 6 6' and c r^ aro pressed against the tires with great 
* "■ ' ' ' ■" " ' Irfif, which are connoted with the arcs fci and 

. in this manner four arcs or blocks preea npoa 
The blocks are either made of wood and hooped with iron, or they 



force ; the same takes place with the a: 




ue made entirely of iron. Vif. 11^ represents a brake operated by compound It 
this latter principle of oonstruction is adopted. 

The two brake-blooks 8 and B', Fig. 1220, are oouneoted with two eqiuJ levsn A B and A' B, 



Henoe, if I tepneent the gnxa load of the tmin, 

a „ the weightB on the wheels to which brakea are applied, 
B „ the ret^datioD in feet per eeoond, 
g „ the force of grevity , 
and, if the train be on an iacline, 

- repteaeut the slope of mch incline, 

the Utter term being Tued with the n^^tive sign when the train ii descending, and the poaitive 
sign when aacending, the Kiadient. 

If 8 = space traversed b; train in eoming to reat, 

■ = Telooit; in feet per secood at the moment the steam It ahnt off and the brakes applied, 
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It ihonld be obcerved that these estimates and fonnnlas, althongh empirieal, may ba fbvnd 
useful in forming rough estimates ; and that, in estimating piBCtieallj the space of time which 
sliottld be requirod for a train to stop in, one or two seconds ahould be allowed for time lost in 
ing the brakes. These oombinations will be referred to preaentlj. 

in genoral terms, a brake consists of one or several g^menta of wood or metai, whfeh 
can be pressed upon the circumference of a wheel, bo as to produce friction, which, aetine as a 
lesirtance, reduces the velocity of that wheel. Fig. 1218 represents a brake so constructed; the 
wooden blocks a, a, a, a, are connected by two straps of iron, jj,j_ 

movable round a fixed point O ; the ends A and B of these two 
straps are fastened h) the Ml-cranlt A C B. As none of the V 
oentres of motion, A, B, C, are filed, the arms A C, C B, have ^ 
the power of a toggle-joiot. If the handle H of the bel|.craDk 
is moved in the direction indicated by the arrow, the blocks are 
foroed to press upon the rim of the wheel, and friction is thus 
produced, which diminishes the velocity of the wheel which is 
supposed to be in motion. In order to distribate the pressure 
over a large surface, so that the materials in contact be not 
altered, the brake should necessarily embraceasufficientpartof 
the circle. Cranes, and generally all machines for lifting and lowering weights by means of 
handles, are provided irith a brake acting upon a special wheel which inflnencee the movement 
of the chain barrel. 

Also trains of great velocity are either stopped on inclines or their motion is retarded on rail- 
roads, as is weU known, by applying a brake to the carriages. The brakes of oommon carriages 
are wooden blocks placed near the back wheels : by moans of a handle and a screw, acting upon 
a system of levers, the blocks are preesed upon the rims of these wheels. These brakes are 
Bubetituted with advantage for the ancient wooden shoe or sabot, which is still used by carters or 
wagoners ; the use of that shoo is to prevent the wheel from turning, and it transfoims the rolling 
ftiction into a sliding friction, which is much more considerable: it produces thus a reaistanoe 
which tends to diminish the velocity of the carriage and to prevent Its acceleration in descending 
inclines. But the use of the shoe is very incommodious, and serious accidents nuy happen if the 
chain, which holds the sabot or shoe, breaks. The brake acts in a mora gradual manner, and it* 
nae is handier and safer. 

In raUway trains the brakes act simultaneously upon all wheels of the same carriage. Varions 
oonstructions have been adopted for that porpose. Fig. 1219 shows one of the earliest, as used 
on the Versailles railway. The equal segments aa', bb', cc', dd", are placed at a little distance 
before and behind each wheel : they are suspended from the frame of the carriage bj rods moving 
round fixed points. The levers ni/> and ap, Jointed to the middle of the arc* bb'uid ec*, are 
eonnccted at p with a vertical ndpg. which has a screw at its end, and is raised or lowered bj 
means of the not «. The raising of the point p brings the points m and n nearer to the wheels, 
with the power of a toggle.joint, and the arcs b b' and c c* are pressed against the tires with great 
force I the same takes place with the arcs a a' and d d", which are eooneoted with the aics b b and 
cc* by means of the coupling-rods ac and b' iT ; ia this manner four an« or blocks press npon 
the wheels at the same time. The blocks are either made of wood and hooped with iron, or they 




re made entirely of iron. Fig. 1220 represents a brake operated by oomponnd levers : in genaral, 
Ilia latter principle of oonstruction is adapted. 
The two biake-blooki B and B', Fig. 1220, are oonneoted with two equal levers A B and A' B, 
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stitnted, we have Q = 



30 X 0-22 2 X 3-14 x 0023 - 008 x OOM 



= 727^-89, or about 728 



0023 0044 + 2x314x0023x 008 
kilogrammes. 

The effective weight of the suspension-rods cc = 16^ has to be added to this pressure, so that 
the total force at the end of the lever 6 is equal to Q = P| = 728 + 16 = 744 kilogrammes. 

Calling, therefore, 

L = 2" • 065, the length of the lever 6 ; 

p = 80*^ , its own weight reduced to the centre of gravity ; 

L, = 0'"970, distance of centre of gravity from the centre of the horizontal shaft ; 

/ = 0™ * 365, length of the small levers ; 

j7, = 18^ , weight of the lever reduced to its centre of gravity ; and 

/, =0°" 200, distance of centre of gravity from the centre of the horizontal shaft ; 

■p T _l _ T ^^ J 

the pressure produced by the lever is equal to Q, = — —-^ — ^2_J ; or substituting again 



the given values, Q| = 



744 X 2065 + 8 x 097 + 18 x 0-2 

0-365 



= 4431^-67, or very nearly 4432 



kilogrammes. 

Adding again the effective weights of the suspension-rods n n, of the bolts for the joints of the 
wedges, &c., equal to 53 kilogrammes, we get the total pressure produced upon the wedges, 

Q, = P, = 4432 + 53 = 4485 kilogrammes. 

Taking, finally, the angle formed by the two parts of the wedges at the moment the brake is 
applied, a = 19°, therefore /3 = 80° 30', and fi = 0*18 the coefficient of friction of the wedges, 

we get altogether the considerable pressure of Q, = — — — £^^' . ' — x P„ at 

^ tang. 80°30'-f 2 X 0-18 + 0-18«x tang. 80°30' ^ . ^-- .* ,o,ak i^i 

^ = — Ya + oTis^Ti^^s^m ^ = '*'"' ^ '"'" = ''''' kilognumnes, 



which gives a pressure upon each brake-block of -^ = 



Q, 12105 



= 3026 kilogrammes. 



This pressure is considerably increased by the impulse given to the blocks from the wheels as 
they rotate ; according to experiments made with the pressure or coupling rods s s, it can be taken 
AS 4500 or 5000 kilogrammes. Now, if the coefficient of friction of the block be put equal to 0*4, 
the effort of this friction will be T = 4500 x 0*4 = 1800 kilogrammea, which is much greater than 
the adhesion of the wheels. 

Time required for the Action of the Brake. — Although the stopping of wheels by means of screw- 
brakes is generally considered a slow operation, yet stopping a train by Stilmant*s system is an 
exception, on account of the rapidity of its action, which is as prompt as in the beat constructions, 
while at the same time it possesses many other advantages. Besides, the small space between the 
brake-blocks and the tires of the wheels very much facilitates the quick and effective action of 
Stilmant's brake. 

Supposing now that in a well-constructed brake the distance between blocks and tires is 
equal to 0'"'003, and taking the play between the axle-boxes and the plates in which they move 
to equal 0°''003, we find : — That the friction between the blocks and the tires of the wheels only 
commences when the blocks will have passed through a distance of 0"*'003 (a); and that the 
braking of the wheels takes place immediately after a distance of 0""006 (which may be less) is 
passed (6). 

It is thus neoessarv to determine the distance B Bj = G Gj, Fig. 1229, which the wedges have to 
travel before the blocks touch the wheels. 

1229. 




For this purpose wo find in the triangle E D P, at first, that E = -^^ = ll°30',andDF = 0»-003; 

next, that E = - = 9° 30', and D F = 0'"-003; and consequently (<i) for the contact between 
blocks and tires; EF = BBi = DF cotang. E, or BB, = 0003 ootang. 11° 30* = 0-01472, 
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whence fhe distance travelled by the end of the long lever 6, H K = 



0014 X 2065 



= 0«-0834, 



0-365 

or the number of revolutions of the handle of wheel, if the thread of the screw is equal 0""044, 

0*0834 
n = =1*9 revolutions. For the stopping of the wheels (6), E F = B B, = D F cotang. E, 

B Bj = 0-003 cotang. 9° 30' = 0«- 01793, whence the distance travelled by the lever, 



KJ = 



001793 X 2065 
0-365 



= 0—1014, 



and the number of revolutions of the handle or brake-wheel n = 



0-1014 



= 2*3. Thus the total 



0-044 

distance through which the end of the lever 6 has to move will be H J = * 0834 + - 1014 = 0" - 1848, 

0*1848 
or II = =4-2 revolutions, requiring about 10 or 12 seconds. An express train, running 

U' Uxl 

60 kilometres an hour, or 16^-66 a second, can therefore be stopped by means of two of Stilmant's 
brakes upon a length of less than 500 metres ; this result has been corroborated by experiments. 

Construction of, and Work done by, the Principal Parts of the Brake. — Amongst the many parts 
which compose the mechanism of the brake, there is a certain number, the dimensions of which 
ought to be carefully calculated. These parts are: — The shank of the screw (a); the rods trans- 
mitting the pressure of the screw to the lever (6) ; the main lever (c) ; the two small levers (d) ; 
the brake-shaft (e) ; and the coupling or pressure rods (/). 

Screw of the Stem or Shank of the Brake (a). — Suppose the minimum diameter of the stem of the 

T> T 

screw. Fig. 1230, be 0<"'035, and taking the same values given above, we get P r = —^ 

T w d^ H 'r d^ Ifi "P #• 

stituting for — its value = -r-r- , P r = — V— — , whence R^ = _ ^ ■ ; or introducing the values, 



or sub- 



ir<i» 



B| = 



16 X 30 X 0-22 



r- = 784400 kilogrammes, or about Ok -800 to the square millimetre. Taking 



3-14x0035» 

the modulus of elasticity for the torsion, G = 6600000000 kilogrammes, we find the angle of 
PrL ird< PrL 



torsion, t = —=^ 

30 X 0-22 X 1-5 



or substituting again for J its value = -^^0-098 (/*, t = 



t=z 



0-098 X 00354 X 6600000000 

1230. 



32 
= 0°-0102, that is to say, 0° 0' 36" 7. 



0-098 rf* G' 



or 



f i -^ 

I \ 
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Bods Transmitting the Pressure to the Lever (6), Fig. 1231. — The pressure which has to be trans- 
itted, as has been shown previously, is equal to 744 kilogrammes ; therefore for each pair of rods 



xnitted, 



74i 
(there being always two) -^ = 372 kilogrammes. We thus obtain P L' = ir* J £ ; or substituting 

_ _. . b»h ««fr»AE , „ 12PL» 



for J its value = 



PL«= ,^ , 



whence £ = 



12 ' " ~ 12 ' x»fr»A 

When the oonresponding values are introduced, we have 

E = o A^ ^ f^Lr ^Tn^ir = 1018546500 kilogrammes. 
814« X 002» X 0045 ^ 

PL PL 

Now, E = •T-=f whence • = -p= ; or substituting the values, 
A Ifl A Jbi 

t* - 372 X 0-9 _ 0«-0005M« 

•-00009x1018546500"" *'*'"^- 
4 is the abofrtening and A the area of the transverse section of the rod. 

l%e Main Lever (o), Fig. 1282. — The force acting at ^e end of the lever is again, as in the case 
abore^ P = 744 kHogiammes, besides the weight p of the lever, which acts at its centre of gravity. 
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stitnted, we have Q = 



30 X 0-22 2 X 314 X 0023 — 008 x 0044 



= 727*^-89, or about 728 



0023 0044 + 2 x314x 0023 X 008 
kUogrammes. 

The effective weight of the suspension-rods c c = 16^ has to be added to this pressure, so that 
the total force at the end of the lever 6 is equal to Q = P| = 728 + 16 = 744 kilogrammes. 

Calling, therefore, 

L = 2" • 065, the length of the lever 6 ; 

p = 80^ , its own weight reduced to the centre of gravity ; 

L, = 0'°'970, distance of centre of gravity from the centre of the horizontal shaft; 

/ = 0<" * 365, length of the small levers ; 

Pi = 18^ , weight of the lever reduced to its centre of gravity ; and 

/j = 0*° ' 200, distance of centre of gravity from the centre of the horizontal shaft ; 

the pressure produced by the lever is equal to Qj = — ^-~ — ^^; or substituting again 



the given values, Qj = 



744 X 2065 + 8 x 007 +18 x 02 

0-365 



= 4431^-67, or very nearly 4432 



kilogrammes. 

Adding again the effective weights of the suspension-rods n n, of the bolts for the joints of the 
wedges, &c., equal to 53 kilogrammes, we get the total pressure produced upon the wedges, 

Q, = P, = 4432 + 53 = 4485 kilogrammes. 

Taking, finally, the angle formed by the two parts of the wedges at the moment the brake is 
applied, a = 10°, therefore /3 = 80° 30', and /j = 0*18 the coefficient of friction of the wedges, 



we get altogether the considerable pressure of Q, = — ~^-,-r . ^z — ^—^.—^ — X Pt, 

2 (1 + /, tang. $) 



Q^ 



0,= 



tang.80°30' + 2 x0-18 + 0-18«x tang. 80° 30' 



2(1 + 0-18 x tang. 80°30') 



Q, = 2-699 X 4485 = 12105 kilogrammes, 



which gives a pressure upon each brake-block of -^ = 



Q, 12105 



= 3026 kilogrammes. 



This pressure is considerably increased by the impulse given to the blocks from the wheels as 
they rotate ; according to experiments made with the pressure or coupling rods s s, it can be taken 
AS 4500 or 5000 kilogrammes. Now, if the coefficient of friction of the block be put equal to 0*4, 
the effort of this friction will be T = 4500 x 0*4 = 1800 kilogrammes, which is much greater than 
the adhesion of the wheels. 

Time required for the Action of the Brake. — Although the stopping of wheels by means of screw- 
brakes is generally considered a slow operation, yet stopping a train by Stilmant's system is an 
exception, on account of the rapidity of its action, which is as prompt as in the best constructions, 
while at the same time it possesses many other advantages. Besides, the small space between the 
brake-blocks and the tires of the wheels very much facilitates the quick and enective action or 
Stilmant's brake. 

Supposing now that in a well-constructed brake the distance between blocks and tires is 
equal to 0°'*003, and taking the play between the axle-boxes and the plates in which they move 
to equal 0°'-003, we find : — That the friction between the blocks and the tires of the wheels only 
commences when the blocks will have passed through a distance of 0"**003 (a); and that the 
braking of the wheels takes place immediately after a distance of O'^'-OOO (which may be less) is 
passed (6). 

It is thus necessarv to determine the distance B Bj = G Gj, Fig. 1229, which the wedges have to 
travel before the blocks touch the wheels. 
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For this purpose wo find in the triangle E D F, at first, that E = -^ = lP30',andDF = 0»-003; 

next, that E = — = 9° 30', and D F = 0™-003; and consequently (a) for the contact between 
blocks and tires; EF = BBi = DP cotang. E, or B B, = 0003 ootang. 11° 30* = 0--01472, 
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0*014 X 2*065 
irhenoe the dutanoe trayelled by the end of the long lever &, H K = = 0"'0834, 

ir the number of revolutions of the handle of wheel, if the thread of the screw is equal 0™'044, 

0*0834 
i = =1*9 revolutions. For the stopping of the wheels (6), E F = B B, = D F cotang. E, 

B B, = 0*003 ootang. 0° 30' = 0»'01793, whence the distance travelled by the lever, 

„ ^ 001793 X 2065 

KJ = ^^T^g =0-1014, 

0*1014 
md the number of revolutions of the handle or brake-wheel n = . ^^. =2*3. Thus the total 

0*044 

iistance through which the end of the lever 6 has to move will be H J = 00834 + 0*1014 = 0°>* 1848, 

0* 1848 
3r » = =4*2 revolutions, requiring about 10 or 12 seconds. An express train, running 

V vxic 



90 IdkinMres an hour, or 16*^*66 a second, can therefore be stopped by means of two of Stilmant's 
brakes upon a length of less than 500 mt^tres ; this result has been corroborated by experiments. 

ContirMctwn ofy and Work done by, the Principal Parts of the Brake, — Amongst the many parts 
rldoh compose Uie mechanism of the brake, there is a certain number, the dimensions of which 
m^ht to be carefully calculated. These parts are: — ^The shank of the screw (a); the rods trans- 
aitting the pressure of the screw to the lever (6) ; the main lever (c) ; the two small levers (d) ; 
he brake-diafk (e) ; and the coupling or pressure rods (/). 

Screw of the Stem or Shank of the Brake (a). — Suppose the minimum diameter of the stem of the 

T> T 

crow, "Fig. 1230, be 0**035, and taking the same values given above, we get P r = —^— , or sub- 

n 

itxtatixig for — its value = -rrr > P '^ = —^ — , whence B, = =- ; or introducing the values, 

" n lo 16 IT a* 

^ ~ 8*14 0*03 ^ ^ 784400 kilogrammes, or about 0k'800 to the square millimetre. Taking 
the modulus of elasticity for the torsion, G = 6600000000 kilogrammes, we find the angle of 
tonioii, * = -jQ- I ^^ substituting again for J its value = — -0098(/*, t= q , or 

'= 0098 ^omVJ^iL>m = ''■'''^ «-' " *° -y- "^ "• ^"^- 

123a 
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123X 
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Bod§ Transmitting the Pressure to the Lever (6), Fig. 1231. — The pressure which has to be trans- 
^tted, as has been shown previously, is equal to 744 kilogrammes ; therefore for each pair of rods 

kliere being always two) -^ = 372 kilogrammes. We thus obtain P L* = ir* J E ; or substituting 



c» J its value = 



6»A 



PL« = 



««fr»AE 



whence £ = 



12PL« 



12 ' " ~ 12 ' T*fr»A 

When the ooTresponding values are introduced, we have 

12 ^ ^2 V 0*9' 
E = ^ /. , yL, J^^.. = 1018546500 kilogrammes. 



Now, 



314«x0*02» X0045 

^^Al'^'^^^^'^S' 

372 X 0*9 



or substituting the values. 






= 0-000365. 



0009 X 1018546500 
4 is the shortening and A the area of the trannversc section of the rod. 

The Main Lever (c), Fig. 1232. — The force acting at the end of the lever is again, as in the case 
aboT6^ P = 744 kilogrammes, besides the weight p of the lever, which acts at its centre of gravity. 
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The weiebU of the brakes of tbese different ajstema nre : — 

1. For the brake of the tender, Fig. 123(i, with eight brake-blocks, nbont 800 or 950 kilo- 
gnuDmeB, of which !00 kilogmmmeB are of cabt iron. 

2. For the Eame brake with font blocks onlj, between TOO and 800 kilogmmmea, of which 
about ISO kilngrBicaieB are of cast iron. 

3. For the brake of the goods wagons, as shown in Fig, 1237, between 600 and 650 kilo- 
grammes, of which about 90 k^ogrammes are of cast iroo, anil 

4. For the hand-brake, Fig. 12:19, between 210 and 260 kilogismmeB, of which 60 kilognunmea 
are of i^st iron. 

Numerous brakes have been invented for stoppins railway carriages, bat nearly all of them act 
upon the same general princ[ple, and are simply mfTerent methods of pressing blocks of wood 
against the circiuuference of the wheel, so as to stop its revolution, and cause the tire to slide upon 
the taila. 

If the wheels are all stopped, the friction of the weight of the carriage sliding upon the nils 
ia the whole amount of braking power that can be obtained by any of the plans ; and the different 
methods used to accomplish this add no power for stopping the carriages, but are only different 
ways of pressing the brake-blocks against the tires, fbr the purpose of eoaurin^ greater r^idity, 
oeiiainty, and uniformity of action, reducing the expenses of repairs, and tbe jarring on the car- 
riage— or to make the brakes self-acting, or worked in combination. 

The principal object to be obtained is to have the blocks always pressed aqnaie against the 
wheels, and with a uniform pressure on nil the wheels of the same carnage or wagon; unless this 
is effected there is great difficulty in stopping the wheels, and much straining is cansed upon tha 
carriage. In tbe earlier brakes the block is suspended by a vertical lover from tbe frame of the 
oairiage or wagon, as shown in Fig. 1210, the block A being shaned to the circle of the wheel ; but 
the varying height of the frame of the carriage, from the variation in the weight of Iced acting <h> *>>'> 
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The slide-brakes, like those shown 
in Figs. 1211, 1212, were invented for , 
the purpose of remedying these de- 
fects. The relative level of the wheel 
and the brake-block is preserved un- 
changed, by the brake-block A alidinf; 
horizontally upon a bar B B, which ia 
Cftrried by the axlo-boies at each end, 
C ; a diCBculty is experienced, however, in preacrving an equal pretsuie on all the brake-blocks, on 
account of the unequal wearing of the different beaiinga. 

Davis' brake, Fig. 1212, consists in tlie arrangement 
which are made to operate upon tbe brakes: bo that when the locomotive ci 



2B of levers, rods, and springs, 

jcomotive ceases to propel the 
train the brake is applied to the wheels, and released when the locomotive is started. Tbe sliding 



action is effected by the use of rods j, k, I, m, which are thrown into or out of action by the 
catch y. Tha reciprocating motion is maintained by compound levers acted upon at z, and springs 

All the above brakes have, however, the serions objection that flat places are worn upon the 
tires of the wheels, by sliding upon the rails ; and the wheels consequently become, to a certain 
degree, polygonal. Any deviation from the circular form of the wheel becomes a serious souroe of 
injury both to the rails and the vbeel, from the amount of ooncnssions caused by the great velodtj 
of^ToIling, and the great weight carried ; this also causes increased expense in the wear of the tirea 

In Lee's brake, Fig. 1243, the wooden brake-block A ia made of a triangular form, and Is 
pressed both against the wheel and the rail by the lever B, which is centred upon the nave of tbe 
wheel C, by means of a ring or collar fitting in a circular groove cut round the nave; tbe rubbing 



tmee of tlie wood block L . _._ . ,, . . ._._ 

Krem, to iVEaerre the relative positkHi oT the bnke-blodc A and tEe wheel, a 
the block weus awaj. 

The m— h»nii-«l anaageiDeat of thii btvke, 
it will be pereeiTed, does not admit of sufficient 
ptuiUTB being applied against the wheel and 
the nil to form an efficient brake ; but even if 
the [iiiiMiiii were saffleient to stop the wheel, 
the Mme objectioit wenld still applj an in the 
Otdinarj brake, namel}', flat places would be 
worn on the wheel. This hnke wae tried on 
one IX two railwafB, bat has not come into nee. 

Adams's broke, Fig. 1244, consists of b 
sledge A A sliding upon the rails, upon which 
the whole weight of the earriage ii thrown bj 
UlUng the wheels off the tails. The sledge A A 
ia a k»g piece of ircm, with a flange at each 
end to nide it on the rails, and ia sospended 
b; two finks B B from the inm bar 0, which is 
■npported b; the links D D, and beara against ~ 
the mder-side of the axle-box at each end. E E ; 
OtB links B B are in the form of a parallel role, 
and when thej ant straightened by the 



the lor&oe of 
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when thej ant straights 
t, and lifts np the wheel 




being worn fiat ; bot it reqnij-e* great power to pat the whole weight of the carriage apon the 
tkift, and is cotueqnently slow in action: and there Is also an objection to it in having the 
wheela hanging without anj support when the brake is in sction. It hoe not come into use in 
RigUnd, but several brakes on this principle have been used in Belgium for some time pre- 

Kudley'i brake. Fig. 1S45. This brake ia on the same winciple as the ordinary skid used on 
nnunannads; OietwoironanneA A are carried by the axle B, upon whicha brass ring H ia fitted, 




^'nbg mmd tbe axle : and at the end of these arma ajre fixed the shoes or akida C C, (me of which 
I* Dade to paaa nnder the wheel, whichever way the carriage ia ronning, raising it from the rails 
■Ttuniiig the lever ronnd upon the axle. The shoe is made the breadth of the tread of the wheel, 
*'^«U any Ot^fi, and tbe wheel is lifted only about ^ of an in. <» the average, so that the flange 
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of the wheel continaes as efficient and secure a guide upon the rails as in the ordinary case of a 
wheel stopped from revolving by the pressure of a brake-block. The shoe is made in two pieces : 
the upper one, C, is forged on to the arm A, and the lower piece, D, which forms the eudd, is 
hinged to it at the end. The object of this construction is to prevent the shoe from touching the 
wheel until it is required to be put in action ; the joint opens about ^ of an in., and the shoe &lls 
away from the wheel when it is lifted, being stopped by the bolt E, which limits the extent of its 
opening : and round this bolt is placed a short spiral spring, to keep the joint open, and prevent 
it from shaking when the cnrriage is running. 

The wear of the shoe is provided for by inserting two small dove-tailed piec^ F and O, at 
the points where the wear takes place ; these pieces are slightly tapered, and are driven into their 
places from the inner side, being burred or riveted on the opposite side, where they remain firmly 
fixed, having no tendency to work loose. The lower piece is of wrought iron, which is found to 
answer best for the purpose ; the upper one, F, which carries the wheel, is of cast iron. It has very 
little wear upon it, but is changed occasionally for a piece of greater thickness, to allow for the 
wear of the shoe-plate 6, and preserve the total thickness of the shoe, within very little variation, 
so as to prevent much difierence in the height that the wheel is lifted &om the rails. 

This brake is easily and quickly applied, by means of the lever L acting on the upper arm of 
the brake £^ as the carriage runs upon the shoe when it is pressed under the wheel. The ordinary 
brake-screw, lever, and cross-shaft, are available for working this brake. 

The brake, Figs. 1246, 1247, invented by D. Goodnow, of Albany, U.S., is very ingeniously 
arranged. The object the inventor had in view was to obviate those accidents that ariae from 
applying the brakes of a railroad car to the outer sides of the four wheels of the truck, by a 
compcu;t arrangement of the brakes in the centre between the wheels of the trucks, thereby 
exposing them to less danger of breaking, or their parts becoming detached. This arrangement 
further consists in so constructing the brake-bars, in combination with the jaw-braces of the 
trucks, that in case the bars are broken they cannot fall to the track and obstruct the wheels ; 
further, in operating the two brakes conjointly by the direct endwise thrust of a short con- 
necting-bar^ both br^e-blocks are made to act upon the wheels simultaneously. 
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The brake-bars F, F, Fig. 1246, extend beyond the jaw-braces /, /, to which they are connected 
by the yolks t, t. In Fig. 1247, E represents the position of the plank or hang-frame in relation 
to the brake-bars F, F, and the guide and safety rods k, k. How the brake-bars F, F, lever G, G', 
connecting-bar N, car-bearing E, and truck wheels B, B, are combined and arranged, is clearly 
shown in Figs. 1246, 1247. ^ ^ j 

Now we propose to place the subject of this article in a clear light, and in a plain practical 
form ; since it has been handled in an erroneous, an obscure, or a slovenly manner, by most mechanical 
writers and experimentalists. 

A carriage on a level railroad only requires a pressure of about -J^tj part of the moving weight 
to give it motion, or from 4 to 8 lbs. a ton. The fraction ^ is called the coefficient of friction ; 
as these coefficients become smaller, the rubbing surfaces oecome smoother. All constant resist- 
ances may be expressed in a similar manner. 

The work of every machine is consumed by the work done, or by the useful work, together with 
the useless work, or the work destroyed by the friction of the parts of the machine. We will here 
explain one of the most beautiful laws of motion : When the work applied exceeds the work con- 
sumed, the redundant work goes to increase the speed of the parts of the machine, and at the 
same time, like the fly-wheel, acts as a reservoir of work. This acceleration goes on increasing 
until the icork of the resistances + the useful work = the toork applied; and then the motion of the machine 
becomes uniform. 

For example, in a railroad engine and train, at first the work of the engine exceeds the work 
of the resistances, and hence the speed of the engine goes on increasing; but, as the speed 
increases, the work of the resistances also increases, so that ultimately the engine attains a nearly 
uniform motion, which is called the greatest or maximum speed, and then the work destroyed by 
the resistances will be exactly equal to the work applied by the moving power. A few simple 
examples will make this law clear. 
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Qtte$, — ^Required the effective horse-power of a locomotive engine which moves at a steady speed 
of 23 miles an hour upon a level rail, the weight of the train being 100 tons, and the constant 
resistances amounting to 5 lbs. a ton ? 

Put X = the required horse-power. 

The work of the engine a minute = x y. 33000 units of work. 

The resistance = 5 x 100 = 500 lbs. 

23 X 5280 

The distance moved a minute = — = 2024 ft. ; or 33|| ft. a second. 

dU 

Work to overcome the constant resistances, in a minute = 2024 x 500 = 1012000 units of work. 

But as the speed of the train is uniform, the work of the resistances will be equal to the 

effective work of the engine : 

/. X X 33000 = 1012000 .-. x = ^^.^^^^ =30-7 horse-power. 

Xow suppose the uniform resistances and the power of the locomotive to be removed, then the 
train would move for a short time with a velocity (v) of 33f^ ft. a second, but would come to rest 
after passing over a space (s) of 7900*888 ft., when opposed by the constant resistance (/) of 
500 lbs. on the level rails. 

If the constant resistance (/) be 1000 lbs., this train would come to rest when s = 3950 '444 ft. 
When / = 2000 lbs., then s = 1975*222 ft., and so on. The units of work conserved in a body 

W ©2 
weighing W lbs., moving with a velocity of t? ft. a second, is equal to — x — . See Byrne's 

.7 ^ 
'Essential Elements of Practical Mechanics,' p. 97. In this case ^ = 32*2 lbs., the supposed 

W 

weight of a unit of mass. — is termed the mass of a body whose weight is W lbs. 

_, W c* 100 tons X 2240 (33U)« „^,^,,, .. , 
Whence — x -^ = ^~ x i-^iL = 3950444 units of work; 

and/«= 500x7900-888 = 3950444, 
or/a = 1000 x 3950*444 = 3950444, 
or /« = 2000 X 1975*222 = 3950444, and so on. 

Qw8. — What is the rate in miles an hour of a train of 80 tons, drawn by an engine of 70 
horse-power, when the constant resistances amount to 8 lbs. a ton ? 

Call X the uniform speed in miles an hour. 

Work used in moving the train x miles = 80 x 8 x 5280 X x ; this is the work done by the 
eng^ine in an hour. But the work done by the engine in an hour will also be expressed by 

33000 x 70x60; 

.-. 33000 X70x60 = 80x8x 5280 x x; .\ x = ^^ ^ ^^.Ln^ = 4802 miles. 

80 X 8 X 5280 

When the propelling power ceases to act, and a constant resistance of 11200 lbs. (/) (five 
tons) is applied, then this train will come to rest after passing over a space (s) of 894 ft. Since 
the uniform velocity (v) in this case is 60 ft. a second, 
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80 X 2240 




(60)* 
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32-2 
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= 10017392 units of work ; 

but, / X a = 11200 X 894 = 10012800 units of work. 

Qu€8. — An engine of 48 horse-power moves with a mazimTmi speed of 33 miles an hour on a 
level rail ; required the gross load of the train, when the constant resistances amount to 6 lbs. a ton ? 

Let X be the gross weight of the train in tons ; then the work consumed an hour in moving the 
train = x x 6 x 33 x 5280. 

Work of the engine an hour = 48 x 33000 x 60. 

When the speed is uniform or at its maximum, a: x 6 x 33 x 5280 = 48 x 33000 x 60 ; 

48 X 33000 X 60 ^^, , 
••• "= 6x33x5280 = ^i? ^°^' 

T ^v. 1 ^ »,r^n^ x i. , W «» 1000 2240 (48*4)» „ 

In this example /a = 7407307 units of work = — x -r- = -ttt- x -ttt-^ X ^ • Hence a 

g 2 II 32*2 2 

eonstant resistance (/) of 3000 lbs. will bring this train to rest after it has passed over a space (a) 

of 2469*102 ft., for/a = 3000 X 2469* 102 = 7407307 units of work. 

Ques. — ^In what time will an engine of 66 horse-power, moving a train of 200 tons, complete a 
journey of 100 miles, friction and other constant resistances amounting to 5 lbs. a ton, rails 
horizontal? 

Work expended in moving the train 100 miles = 100 x 5280 x 200 x 5 = 528000000. 

Work of the engine an hour z 33000 x 66 x 60 = 130680000 ; 

528000000 ^ ^, ^ 
,,,^ .o^^^^ = 4*04 hours. 
130680000 

X .,_. «^ « i.. J J W 200 X 2240 

In this case c = 36*3 ft. a second, and — = — r—-^ ; 

g 32*2 

W e* 
.•. /a = — X — = 9166539 units of work. 
' g 2 

This woik is conserved in the train, and exists in the train independent of the power of the engine 
•nd of the opposing resistances. 

The following summary of experiments made to test the retarding power of different railway 
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of the wheel continues as efficient and secure a guide upon the rails as in the ordinary case of • 
wheel stopped from revolying by the pressure of a brake-block. The shoe is made in two pieces: 
the upper one, C, is forged on to the arm A, and the lower piece, D, which forma the skid, u 
hinged to it at the end. The object of this construction is to prevent the shoe from touching the 
wheel until it is required to be put in action ; the joint opens about ^ of an in., and the shoe &Ui 
away from the wheel when it is lifted, being stopped by the bolt £, which limits the extent of iU 
opening: and round this bolt is placed a short spiral spring, to keep the joint open, and prevent 
it from shaking when the cnrrioge is running. • 

The wear of the shoe is provided for by inserting two small dove-tailed pieces, F and G, st 
the points where the wear takes place ; these pieces are slightly tapered, and are driven into their 
places from the inner side, being burred or riveted on the opposite side, where they remain firmlj 
fixed, having no tendency to work loose. The lower piece is of wrought iron, wMch is found to 
answer best for the purpose ; the upper one, F, which carries the wheel, is of cast iron. It has veiy 
little wear upon it, but is changed occasionally for a piece of greater thickness, to allow for tbe 
wear of the shoe-plate 6, and preserve the total thickness of the shoe, within very little variation, 
so as to prevent much difference in the height that the wheel is lifted from the rails. 

This brake is easily and quickly applied, by means of the lever L acting on the upper arm of 
the brake £^ as the carriage runs upon the shoe when it is pressed under the wheeL The ordiDuy 
brake-screw, lever, and cross-shaft, are available for working this brake. 

The brake. Figs. 1246, 1247, invented by D. Groodnow, of Albany, U.S., is very ingenioodj 
arranged. The object the inventor had in view was to obviate those accidents that arise boa. 
applying the brakes of a railroad car to the outer sides of the four wheels of the truck, hj s 
oompcu;t arrangement of the brakes in the centre between the wheels of the trucks, therebj 
exposing them to less danger of breaking, or their parts becoming detached. This arrangement 
further consists in so constructing the brake-bars, in combination with the jaw-braces of the 
trucks, that in case the bars are broken they cannot fall to the track and obstruct the wheels; 
further, in operating the two brakes conjointly by the direct endwise thrust of a short oon- 
necting-bar^ both brake-blocks are made to act upon the wheels simultaneously. 



1247 



1246. 




The brake-bars F, F, Fig. 1246. extend beyond the jaw-braces /, /, to which they are connected 
by the yolks t, i. In Fig. 1247, E represents the position of the plank or hang-frame in rehition 
to the brake-bars F, F, and the guide and safetv rods *, k. How the biake-bars F, F, lever G, G', 
connecting-bar N, car-bearing E, and truck wheels B, B, are combined and arranged, is clearly 
shown in Figs. 1246, 1247. 

Now we propose to place the subject of this article in a clear light, and in a plain pnustical 
form ; since it has been handled in an erroneous, an obscure, or a slovenly manner, by most mechanical 
writers and experimentalists. 

A carriage on a level railroad only requires a pressure of about -^ part of the moving weight 
to give it motion, or from 4 to 8 lbs. a ton. The fraction ^ is called the coefficient of friction ; • 
as these coefficients become smaller, the rubbing surfaces oecome smoother. Ail constant resist- 
ances may be expressed in a similar manner. 

The work of every machine is consumed by the work done, or by the useful work, together with 
the useless work, or the work destroyed by the friction of the parts of the machine. We will here 
explain one of the most beautiful laws of motion : When the work applied exceeds the work con- 
sumed, the redundant work goes to increase the speed of the parts of the machine, and at the 
same time, like the fly-wheel, acts as a reservoir of work. This acceleration goes on increasing 
until the icork of the resistances + the useful work = the toork applied ^ and then the motion of the machine 
becomes uniform. 

For example, in a railroad engine and train, at first the work of the engine exceeds the work 
of the resistances, and hence the speed of the engine goes on increasing; but, as the speed 
increases, the work of the resistances also increases, so that ultimately the engine attains a nearly 
uniform motion, which is called the greatest or maximum speed, and then the work destroyed by 
the resistances will be exactly equal to the work applied by the moving power. A few simple 
examples will make this law clear. 
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QiMt.— Beqnired the effective hone-power of a locomotive engine which motres at a iteady speed 
of 28 miles an hour npon a level rail, the weight of the train being 100 tons, and the constant 
resistances amounting to 5 lbs. a ton ? 

Pot X = the requ&ed horse-power. 

The work of the engine a minute = or x 33000 units of work. 

The resistance = 5 x 100 = 500 lbs. 

28 X 5280 
The distance moved a minute = ^^r = 2024 ft. ; or 33f^ ft. a second. 

Work to overcome the constant resistances, in a minute = 2024 x 500 = 1012000 units of work. 

But as the speed of the train is uniform, the work of the resistances will be equal to the 

eflbetive work of the engine : 

1012000 
.•. X X 33000 = 1012000 .-. x = ^.^^^_- =30*7 horse-power. 

OoOvU 

Now suppose the uniform resistances and the power of the locomotive to be removed, then the 
train woula move for a short time with a velocity (c) of 33f^ ft. a second, but would come to rest 
after p^^^^i^g over a space (s) of 7900*888 ft., when opposed by the constant resistance (/) of 
500 lbs. on uie level rails. 

If the constant resistance (/) be 1000 lbs., this train would come to rest when s = 3950*444 ft. 

When /= 2000 lbs., then s = 1975*222 ft., and so on. The units of work conserved in a body 

W ©• 
weighing W lbs., moving with a velocity of o ft. a second, is equal to — ^ "^ • ^^ Byrne's 

^Ettential Elements of Practical Mechanics,' p. 97. In this case ^ = 32*2 lbs., the supposed 

W 
weight of a unit of mass. — is termed the mass of a body whose weight is W lbs. 

_, W t« 100 tons X 2240 (33U)« „^,^,,, ., ^ , 

Whence — x — = —^-z: x ir:ai£_ = 3950444 units of work; 

g 2 32*2 2 

and/«= 500x7900*888 = 3950444, 
or/» = 1000 X 3950-444 = 3950444, 
or/« = 2000 X 1975-222 = 3950444, and so on. 

Que$, — ^What is the rate in miles an hour of a train of 80 tons, drawn by an engine of 70 
horse-power, when the constant redistances amount to 8 lbs. a ton ? 

Call X the uniform speed in miles an hour. 

Work used in moving the train x miles = 80 x 8 x 5280 x x ; this is the work done by the 
engine in an hour. But the work done by the engine in an hour will also be expressed by 

33000 x 70x60; 

33000 X 70 X 60 
.-. 33000 X 70 X 60 = 80 X 8x5280 xx; .*. a? = ^pi—J——- = 4802 miles. 

80 X 8 X 5280 

When the propelling power ceases to act, and a constant resistance of 11200 lbs. (/) (five 
%]iis) is applied, then tiiis train will come to rest after passing over a space (s) of 894 ft. Since 
'fthe miiform velocity (o) in this case is 60 ft. a second, 

W c« 80x2240 (60)« ,^^^000 * r 1 
.*. — x -TT = — TTT-r^ — X -^T^ = 10017392 unifcj of work ; 
g 2 32-2 2 

but, / X 5 = 11200 X 894 = 10012800 units of work. 

Que$. — ^An engine of 48 horse-power moves with a maximum speed of 33 miles an hour on a 
level rail ; requirod the gross load of the train, when the conutant resistances amount to 6 lbs. a ton ? 

Let X be the gross weight of the train in tons ; then the work consumed an hour in moving the 
tiain = jr X 6 X 33 X 5280. 

Work of the engine an hour = 48 x 33000 x 60. 

When the speed is uniform or at its maximum, x x 6 x 33 x 5280 = 48 x 33000 x 60; 

48x33000x60 ^^_ ^ 

•*. ^ = -t; 7.1;. ^^r>^ = 904-? tons. 

6 X 33 X 5280 ^' 

X .V. , . «.^o^, .. ^ ^ W tj« 1000 2240 (48-4)« „ 

In this example /5 = 7407307 units of work = — x -^ = -rrr- x -r-r-^- x _ . Hence a 
'^ ^ g 2 l\ 32-2 2 

CQoatant resistance (/) of 3000 lbs. will bring this train to rest after it has passed over a space («) 

Of 2ie9*102 ft., for/* = 3000 x 2469 102 = 7407307 units of work. 

Qaes, — ^In what time will an engine of 66 horse-power, moving a train of 200 tons, complete a 
Jfioniey of 100 miles, friction and other constant resistances amounting to 5 lbs. a ton, rails 
ItiorixoDtal? 

Work expended in moving the train 100 miles = 100 x 5280 x 200 x 5 = 528000000. 

Work of the engine an hour = 33000 x 66 x 60 = 130680000 ; 

528000000 , ^,, 
,^^.^^^^^ = 4*04 hours. 
130680000 

W 200 X 2240 

In this case v = 36*3 ft. a second, and — = — jr— ; 

g 32-2 

W t' 
/. /« = — X — = 9166539 units of work. 
' g 2 

This woik is conserved in the train, and exists in the train independent of the power of the engine 
•ad of the opposing resistances. 

The following summary of experiments made to test the retarding power of different railway 
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brakes is taken, with some alterations and explanations, from a paper by W. Fairbaim, printed 
in the * Proceedings of the Institution of Civil Engineers/ vol. xix. Suppose a train impelled by 
a locomotive engine until it attains a uniform velocity v in feet a second ; that then the brakes 
are applied, and the train brought to a stand after passing a distance a in feet : it is required to 
find a measure of the force by which the momentum has been destroyed. Inasmuch as the brakes 
act by friction, which may be considered, with sufficient accuracy, to be uniform throughout the 
operation of braking, the train may be assumed to be stopped by a uniformly retarding force 
acting through the space s. If the retarding force in this case is called /, consisting mainly d the 
friction of the braked wheels, and, for simplicity, including also the friction oi the axles, resist- 
ance of the air, and other constant resistances, then 

/ = ?,• m 

But supposing, as is generally the case, that the retarding force of the brakes is proportional to • 
part of the weight of the train only, that is, that the retarding force generated varies as the weight 
on the rubbing surfaces, and supposing the brakes to be applied to a few carriages only, pat^g 
to for the weight of the brake carriages in tons, and W for tlie weight of the train, then 

f-"^"* r2i 

which gives the retarding force to each unit of mass of the brake carriages. 

It will be convenient to reduce this force to terms of weight instead of mass. Gall /, the 
retarding force in pounds a ton weight of the brake carriages, then 

A=/iX J^=C9-587/.; [3] 

W 

-^ X 2244 

that is, /, s = X — = the units of work done in resisting the constant force (/,) through 

2 

aspace(«); ^^'o « = — X |- =/, «, and ^ x ^ s= - =/s. t> and » are variables, but W, 

t0, g, are constants. 

Again, supposing that, instead of being on a level line, the brakes are applied on an incline. 
Then the action of gravity will cause the train to go farther, if it is descendmg the incline, or to 
stop sooner, if ascending, than if the line was level ; and gravity is a uniformly accelerating or 
retarding force, as the friction of the carriages. Hence the not result in distance and veloci^ of 
a train stopped on an incline may be supposed to arise from two forces: /. a retarding force 
dependent on the friction of the braked wheels ; and ^, a retarding or accelerating force dependent 
on gravity, and assisting or opposing the action of/, according as the incline rises or falls ; thence 

Now, the value of ^ in terms of the inclination of the plane to the horizon is known, for if ^ 
be the velocity generated by the gravity in one second, <f> = g sin. $ ; or putting z for the vertical 
height fallen through by the train between the time of applying the brakes and stopping the 

train, <p = g -; 

8 

or, /=ill±lf, [5J 

,. = ;xt^. [6] 

9 » 

where the + or — sign is to be adopted, according as the gradient falls or rises. 

In the increase of the brake-power of trains, the principles hitherto most suocessfVilly employed 
have been, — first, the use of steam acting direct on the brakes ; secondly, the connection of 
several of the ordinary form of brakes, so as to unite them under the control of a single brakes- 
man ; and thirdly, the introduction of brake apparatus connected with the bufiers, so as to make 
the momentum of the train itself available in generating a retarding force. 

M*Conneirs brake, which is applicable only to the engine, consists of two wronght-iron 
sledges, each 48 in. in length and 4 in. in breadth, and turned up at the ends. These sledges 
are suspended from the lower side of the fire-box, between the driving and the trailing wheels of 
the engine. The pressure is placed on them by admitting steam from the boiler into two cylin- 
ders, each 9 in. in diameter, placed horizontally, one on each side of the fire-box, above the 
sledges, and forcing these latter down upon the rails by means of an elbow-joint. The pressure 
can be applied to either side of the pistons in the cylinders, according as the brakes have to be 
raised or depressed. The pressure of the sledges upon the rails, calculated from the pressure of 
the steam in Yolland*s trials, would amount to about 6 tons. On the weighing machine, however, 
the actual pressure was found to vary from 4 tons to 9 tons, or a mean of about 7 tons ; and these 
anomalies Yolland was unable to solve. The principal advantage of this bn^e appears to be that 
it is immediately applied without exertion, and is under the control of the engine-driver, who in 
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most cases Is the first to perceive any obstmction on the line. It will be seen, however, that 
although efficiently generated, the amount of retardation caused by this brake is comparatively 
■maU, and, as Colonel Yolland concludes, insufficient to prevent colnsion in those cases in which 
its use would be speciallv desirable. 

Newall's and Fay's brakes, which in their present condition are identical in principle, are 
distlngQished from other brakes by this — that two or more carriages, or, if necessary, the whole 
train, are fitted with brake-blocks, all of which are brought under the direction of one guard by 
means of a longitudinal shaft, which transfers the motion of the guard's wheel to the brakes 
throughout the whole length of the train. In this way a great increase of retarding power may 
be obteined proportional to the weight of the carriages to which brakes are applied, and with this 
farther advantalge, that the retarding force is distributed equally throughout the train, instead of 
being accumulated at either end, and thus the shock upon the wheels and axles is much dimi- 
nished. Newall and Fay have also adopted a partially self-acting apparatus of springs, by means 
of which the brakes are applied throughout the length of the train on the simple release of a catch 
byagnard. 

In Newall's brake, the motion of 'the guard's or the engine-driver's wheel, sinca either or 'both 
of these may have the control of the brakes, is transferred, through the medium of a short vertical 
ahafl in the van or tender, to the longitudinal shaft placed beneath the carriages of the train, by 
a pair of bevel-wheels, or by a spur-wheel and pinion. The longitudinal shaft passes either 
b|meath the centre or at one side of the carriage, under the framework ; and it is connected by 
simple, but very effective, jointed couplings between each pair of carriages, so as to permit the 
free action of the buffers, and the rise and fall of the carriages with the ine<^ualities of the line. 
Near to^ the middle of the carriage a bevel-wheel is fixed on the longitudinal shaft, which is 
toothed into a similar one on a short cross-shaft, carrying also a spur-pinion geared into a hori- 
sontal rack. Thus, on revolving the guard's wheel, this rack is drawn back, withdrawing at the 
Bame time the principal arm of the rocking-shaft, at the centre of the carriage, and compressing 
a spring placed on the other side, to both of which the rack is attached by a simple connecting- 
rod. & this position the brake-blocks are off the wheels, and the brake is ready for use. If the 
bevel-wheel or pinion in the guard's van, or tender, is now released, or lifted out of gear by a 
lever or treadle, the springs throughout the train will force back the arm of the rocking-shaft, 
rhich carries the levers that press the brake-blocks on the wheels. K it is required to put on the 
krakes harder, and to skid the wheels, the treadle is again released by the guard, and the pressure 
ncreased by revolving the wheel in the ordinary way. In other words, Newall and Fay pro- 
ide a number of springs, or in some cases weights, under each carriage, in which is stored up, 
eady for instantaneous use, a stock of brake-power, derived from the one guard acting through 
k Icnigitudinal shaft, communicating with every brake by means of an arrangement of spur-wheels 
jod pinions. From this it will be seen that on any emergency the retarding force may ]>e instantly 
iinployed by simply releasing a catch, which permits the brake-blocks to be forced upon the 
rheels by the springs throughout the train. 

In the class of brakes in which greater retarding power is obtained by increasing the number 
yf braked carriages and combining their action, the systems just described api>ear the best and 
OEioat comprehensive hitherto adopted. Fairbsiim mentions that he received from E. W. Watkin 
the details of some experiments on an auxiliary brake carriage designed upon a different plan. In 
this case, an ordinary brake arrangement is employed^ with a double elbow-joint, to which a long 
vertical lever is attached, moving in an arc against the side of the van. A rope from the end of 
thiB lever is conveyed to the tender, or the guard's van, and is attached to a drum on the axis of the 
ordinary guard's wheel. Hence, when the guard or the fireman revolves his wheel to put on his 
own brake, the rope coils upon the drum, drawing back the lever, and thus putting on the 
SQziliary brakes at the same time. 

Belonging to the third class of brakes before enumerated, in which the momentum of the train 
ItKlf is employed in generating the retarding force, there is only the brake of M. Gu^rin, which 
!s entirely self-acting, and is brought into use by the recoil of the buffer-rods, when, by the appli- 
%tUm of the tender-brake, a ret^dation has been caused in front Yolland thus describes this 
urake : — ^The buffer-rods at the after end of the carriage abut against a spring that extends across 
ta width ; one buffer-rod acting against each end of the spring. This spring, instead of being 
tzed against the under-framing of the carriage or the brake-van, is movable in a groove. On one 
(ide the centre of the spring is secured to the draw-bar, and on the other it is attached to the arm 
if a abort lever, fixed almost vertically over the rocking-shaft ; so that when the buffers are presaed 
n by the sudden check to the velocity — caused by shutting off the steam, bv the application of the 
iender-brake in front, and by the momentum of the train in the rear — the buffer-spring is carried 
[bicibly against the lever, the rocking-shaft is turned, and the brake-blocks are forced against the 
peripheries of the wheels. The brakes are prevented from being put on when a train is required 
to be shunted, by a cross-head or stop. But this provision interferes with the application of the 
btakee when the train is in motion at a low velocity. For such a speed it is assumed the tender- 
brake will be sufficient. 

These are the brakes upon which the experiments were made, and the results tabulated and 
daHified. 

NewodVs and Fay*8 Continuous Brakes. — In carrying out the views of the Directors of the 
Lancashire and Yorkshire Kailway, Fairbairn arranged, in the first place, for a scries of experi- 
ments on the Oldham incline, where two similar trains of carriages, one fitted throughout with 
Newall's and the other with Fay's brakes, were started alternately. After passing over a measured 
distance by the action of gravity, the brakes were applied, and the distance within which the 
tnins were respectively brought up was carefully ascertained, as giving the measure of the 
biake^>ower of the trains. Bach train consisted of three weighted carriages, and they were 
itaitea by simply releasing a stop. Having descended, ])y gravity, a previously-measured distance. 



600 



BRAKE. 



with a miifonnly aooeleraied velooity, they paased over a fog-aignal^ which gave notioe to the gawd 
to put on the biakes. Then the teain haying been brought to a stand, the distanoe from the 
point at which the train stopped to the fogsi^ial was measured back, and the train was draggsd 
up the incline for another trial. Unfortunately, the day on wMch these experiments were^ mida 
proved misty and foggy, with rain at intervals, so that the ndls were in the worst oooditiai for 
facilitating the stopping of the trains. The significance of this fact will be seen ooi oompanqg 
these results with later ones obtained in dry weather. 

Table L — ^Exfebihents with Newall*8 and Fat*8 Railway Brakes on the Oldham Inguii^ 

Febbcaby 6, 1859. 

Weather foggy and wet ; gradient falling 1 in 27 ; weight of trains, 26 tons 10 cwt. each ; 

no engine attached. 



Fat's Flap-Brars. 


Nkwall'8 Sudb-Bbakm. 




Time of Running. 


DiftanoeRmL 


Ka 


Time of Running. 


DiftanoeRim. 


Ko. 




















Befora 


After. 


Before 


After 




Before 


After 


Before 


After 




Braking. 


Brmking. 


Braking. 


Brmkii«. 




Braking. 


Braking. 


Braking. 


Braking. 




■eoonda. 


•eoondi. 


ytrda. 


yards. 




■eoonda. 


aeconds. 


yardi. 


yaitia. 


1 


35 


• • 


150 


153 


1 


35 


14 


150 


281 


2 


40 


13 


200 


250 


2 


40 


16 


200 


336 


3 


48 


14 


300 


360 


8 


48 


17 


300 


459 


4 


58 


15 


400 


499 


4 


56 


25 


400 


608 


5 


59 


12 


400 


326 


5 


56 


14 


400 


371 


6 


62 


25 


500 


739 


6 


62 


19 


500 


663 


7 


72 


17 


600 


575 


7 


68 


17 


600 


545 


• . 


• • 


• • 


• • 


. . 


8 


63 


82 


500 


798 



In experiment No. 8 the self-acting part of the brake only was employed. 

In these experiments the whole of the wheels were sledged, or skidded, before the train was-a 
stopped. The self-acting arrangement of springs was fitted to Newall's carriage alone. In the "• 
later experiments it was adopted also bv Fay. 

Taking the mean of the number of seconds required in braking each train, in experiments 
Nos. 2, 3. 4, 5, 6, and 7, which were made under precisely corresponding circiunstanoes in the case 
of each brake, and at similar velocities, it is fotmd that the tiain was brought to a stand : — By 
Newall's brake, in 2- 16 seconds ; by Fay's brake, in 19*2 seconds ; or about ^ seconds of time in 
favour of Fay's. 

It will, however, be advisable to ascertain the precise value of the retarding force in each case 
by the formulsd already given. To effect this, the initial velocity of the train at the instant of 
appljdng the brakes must first be ascertained. For this purpose the least objectionable formula 
and at the same time the most simple is 

2s 



s 



. = - 



[8] 



for taking the mean velocity between o, and v = ^ and - multiplied by i second = the distance 

2 2 

8\ .*. -• X ^ = s ; where v is the velocity in feet per second ; s is the distance run, in feet ; and t 

is the time of running, in seconds. From this formula the following initial velocities of the train, 
in feet per second, in the preceding experiments, are obtained : — 



No. 
1 
2 
3 

4 



Fay. 

25-71 
30- 
37-50 
41-37 



NewalL 

25-71 
30- 
37-50 
42-85 


No. 

5 
' 6 

I 


Fay. 

.. 40-66 
.. 48-38 
.. 50- 

• • ^~~ 


thiR nflj 


W 


26-5 _ 



Hence, by equation [6], since in this case — = 



NewalL 

42-85 

48-38 

52-94 

47-61 



= 1, and therefore / = /, , and 



/i = 



_ \ ^ -¥ g X 



, the relative values of each description of brake, and their comparative efficiency 



in each trial, may be derived. The retarding force of each brake is found to be as follows : — 



No. 

1 
2 
3 
4 
5 
6 
7 



Fay. 




NewalL 




1-9115 y 




1-3246 ^ 


1-7922 




1-6388 




1-8432 




1-7030 




1-7645 


Mean 1-8538. 


1-6946 


Mean 1-7436. 


2-0280 




2-0152 




1-7205 




1-7811 




1-9167 / 




20480 J 
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Experiments wiM Slide-Bra^, with the Engine detached from the Train, — The following experi- 
ments were made between the Birkdale and Amsdale stations, on the line between Liverpool and 
Southport. As before, the engine was attached by a dip-oonpling to the train. At the quarter 
and the three-anarter mile posts from Amsdale, fog-signals were placed, and the time of passing 
between these, being accurately observed by stop-watches, gave the average speed of the train. 
At the second fog-signal, the slip-coupling was unfastened, and the brakes applied, instantly on 
hearing the report. The assistant, Unwin, and other persons, were placed in the guard's van, to 
prevent the premature application of the brakes ; and others on the engine with the driver, to see 
that there was no change of velocity in passing over the half-mile in which the speed was 
observed. The line where these experiments took place rose, for 500 ft. from the first fog-signal, 
with a gradient of 1 in 1087, and then fell for upwards of a mile, with a gradient of 1 in 3543, a 
fall so slight, in the short space in which the trains were brought to rest, that it cannot appreciably 
affect the results ; and in the reductions the line has been considered as level. 

The trains with which these experiments were made consisted of three heavily-weighted 
carriages, each with brakes to every carriage, except in the two last experiments, when, in con- 
sequence of an accident to one of NewalFs carriages, the trains were reduced to two. The carriages 
were loaded with iron rail-chairs, so as to weigh 9 tons 2 cwt. each. 

The power of these continuous brakes was well exemplified upon the 18th May, when Fay*s 
guard inadvertently applied the brakes whilst the train was running at a comparatively slow 
velocity ; the strong coupling-hook which united the tender to the guard's van was instantly 
snapped, and the train brought to a stand. 

Making a reduction of the preceding results, the following values of / = /, , representing the 
comparative retarding powers of the brakes in each case, are arrived at : — 



Taj. 
7-9749 
7-0512 
6-9480 
7-4074 
6-6979 
6-3076 
6-3062 
60311 



> Mean 6-7030. 



Newall. 
6-7765 
6-2813 
5-0810 
6-4292 
8929 
6625 
2385 
5555 



4 
4 
6 
5 



Mean 5-4984. 



In this case the brakes of Fay exhibit a superiority in the ratio of 6-7030 to 5-4984, or as 
1215 to 1000; or making a correction, as above stated, for the friction of the carriages, the 
relative efficiency of Fay's and Newall's brakes would stand in the ratio of 6*553 to 5*4084, or as 
1210 to 1000. 

Experiments with Fhp-BrakeSy with the Engine detached. — These experiments, Table VIm were made 
in precisely the same manner as the last, the trains consisting of three carriages with brakes to 
eacl), loaded to 9 tons 2 cwt. 

Table VI. — Flap-Brakes, Engine detached. 



Fay. 


Nkwaix. 


No. 


Time of 

Running' 

k Mile, in 

Seoonds. 


Speed, in 

Miled 
an Uonr. 


Velocity, 

in Feet 

a Second. 


1 

Distance 

of Pulling 1 

np. In 

Yards. 


No. 


Time of 

Running 

i Mile, in 

Seconds. 


Speed, in 

Miles 
an Hoar. 


Velocity, 

in Feet 

aSecond. 


Distance 

of Pulling 

up, in 

Yai^ 


1 
2 
3* 


35 

,35 

32 


51-43 
61-43 
54-54 


75-43 
75-43 
80- 


158i 
162| 
184^ 


1 
2 
3* 


36 
36 
85 


60- . 

60- 

51-43 


73-33 
73-33 
75-43 


132« 

123 

192 



* Self-action only. 



Beducing the results, the comparative efficiency is : — 



Fay. 
6-9889 
5-8294 
5-7971 



Mean 5-8718. 



NewaU. 
6-7560 
7*2870 
4-9387 



Mean 6-3272. 



In this cnse the superiority lies with Newall, in the ratio of 6-3272 to 5-8718, or as 1000 
to 928. 



Experiments with the Engine attached to the Train. — These experiments were mnde with slide- 
brakes, upon the same ground and in the same manner as the last experiments. The rails also 
were in the same dry condition. The only difference was that the engine and tender remained 
attached to the train, instead of being uncoupled, and the tender-brake was applied as rapidly as 
possible along with the other brakes. 
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terms of the coefficient of friction, for the rubbing surfaces, the efficiency of the brake Taries with 
the condition of the weather. Thus the mean of the Oldham experiments gave a retarding foioe 
of 1 '7987 ft. per second ; the mean of the first experiments at Southport gave 4*2978, and the mean 
of the second 3*3245. On each day the experiments were consistent with one another, but they 
differed widely, on different days, from the change in the condition of the rubbing sur&ces. At 
Oldham, the experiments were made with the rails in a greasy condition, from fog ; at Southport, 
in the later of tne two trials, with the rails slightly wet, and in the earlier, with rails dry, and in 
the best condition for braking. This is in accordance with the experiments of Morin on the 
friction of iron on iron, in which it was found that the coefficient of friction varied from 0*05 to 
0*3, according as the surfaces were greasy, wet, or dry. This consideration must be borne in 
mind in estimating the results ; and together with some improvements in the adjustment of the 
brakes, and the introduction of increased power, from time to time, will explain the discrepancies 
which may be found, on comparing the results obtained at different periods of the trials.' 

The remaining experiments upon the self-acting brakes were all made under uniform and 
favourable conditions ; the weather was fine, and the wind blew each day from the west or the 
north-west. The results, also, are uniform for these days, and there can, therefore, be no error in 
placing these experiments in the same Tables, and averaging them together. This classification 
wilL therefore, be adopted as more convenient, and they will be arranged under the following 
heads: — 

1. Experiments on the friction of the carriages. 

2. Experiments with slide-brakes, with the engine detached. 
S. Experiments with flap-brakes, with the engine detached. 
4. Experiments with the engine attached to the train. 

Experiments on the Friction of the Carriages. — These experiments were made by running the 
train, as before, past two fog-signals, half a mile apart, to obtain the velocity, detaching the engine 
at the second fog-signal, and allowing the train gradually to come to rest. 

Table IV. — Experiments with Newall's and Fay's Railway Brakes, on the Line 

BETWEEN Liverpool and Southport, June 2, 1859. 



Fay .. 
NewaU 



Time of 

RanniiiR } Mile, 

in Seconds. 



40' 
44 



Speed, in Miles 
an Hoar. 



Distance ran, 

after applying 

Brakes, in 

Yards. 



45- 
40-45 



4840 
6380 



Time of Running, 

after applying 

Brakes, 

In Seconds. 



430 

780 



Height falUm 

throng by Train 

fhnn Inclinadtm 

of L4ne, in Feet. 



706 
13-91 



Beducing as before, the normal friction of the carriages, / = /,, is found to be, — Fay, 
0*16565; Newall, 0*10961 : and therefore /g, or the friction per ton weight of the carriages, is, — 
Fay, 11*527 lbs.; Newall, 7 627 lbs.; mean, 9*577 lbs. 

This shows that there is a considerable difference between the friction of the two sets of 
carriages ; and a small correction should therefore be made, in the reductions of the experiments 
on bri&es, in favour of Newall, if perfect accuracy were required. The correction, however, does 
not exoe^ one-sixtieth of the retarding force of the brakes, and may be neglected without 
appreciable error. These experiments were made with carriages fitted with slide-brakes, and the 
friction of those with flap-brakes was not determined. 

In an experiment recorded in Yolland*s Beport, the friction, derived in the same way, for a 
train of carriages fitted with Newall's brakes, and attached to an engine and tender, amounted to 
11*4 lbs. per ton. This, when allowance is made for the greater friction of the engine, nearly 
agrees with Fairbaim's results. 

Table V. — Experiments with Newall's and Fay's Slide-Brakes at Southport, Mat, 1859. 



No. 



Newall. 



Time of 
Running 
i Mile, in 
Seconds. 



Speed, in 

Miles 
an Hour. 



2 


55 


32-72 


4 


49 


36*73 


6 


41i 


failed 


7 


41 


43-9 


8 


39 


46*15 


9 


34 


52-94 


10* 


33 


54-54 


lit 


38 


47*37 


m 


33^ 


53*73 


13 


28^ 


63 16 



Velocity. 

in Feet 

a Second. 



48" 
53 



87 



64-39 

67*69 

77-64 

80* 

69-47 

78*8 

92*63 



Distance 

of Pulling 

up, in 

Yards. 



192 
2604 
222 
273 



Fat. 



No. 



m 
m 



56| 


2 


77 


4 


• • 


5 


136 


6 


140| 


7t 


205i 


n 



Time of 

Running 

i Mile, in 

Seconds. 

51 
41 

3<; 

83 
33 

30 
30 



Speed, in 

Miles 
an iluur. 



up. III 

\ards. 



in Feet 
a Second. 



35*29 


51*76 


43*9 


64*39 


50* 


73*33 


54*54 


SO- 


54*54 


SO* 


37-89 


55-58 


60* 


88* 


60* 


88* 


• » 


• • 



56 

98 

129 

144 

161| 
97^ 
204| 
214 



* Self-action only. f Brakes not applied at ihe proper time. 

'X Train cunaisttng of two carriages, and weighing 18 tons 4 cwl In the other experiments there were three carriagesi 

weighing 27 tuns 6 cwt. 
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Egperimenii with SUde-Brdkes^ with the Engine detached from the TVoin.— The following experi- 
menta were made between the Birkdale and Amsdale stations, on the line between Liverpool and 
Sonthport. As before, the engine was attached by a slip-coupling to the train. At the quarter 
and the thxee-ouarter mile posts from Amsdale, fog-signals were placed, and the time of passing 
between these, oeing accurately observed by stop-watches, gave the average speed of the train. 
At the second fog-signal, the slip-coupling was unfastened, and the brsJces applied, instantly on 
hearing the repcurt. The assistant, Unwin, and other persons, were placed in the guard's van, to 
prevent the premature application of the brakes ; and others on the engine with the driver, to see 
thftt there was no change of velocity in passing over the half-mile in which the speed was 
obaenred. The line where these experiments took place rose, for 500 ft. from the first fog-signal, 
with a gradient of 1 in 1087, and then fell for upwards of a mile, with a gradient of 1 in 3548, a 
f^ BO uight, in the short space in which the trains were brought to rest, that it cannot appreciably 
alTeot the results ; and in the reductions the line has been considered as level. 

The trains with which these experiments were made consisted of three heavily-weighted 
oaRiages, each with brakes to every carriage, except in the two last experiments, when, in con- 
■eqnence of an accident to one of Newall's carriages, the trains were reduced to two. The carriages 
were loaded with iron rail-chairs, so as to weigh 9 tons 2 cwt. each. 

The power of these continuous brakes was well exemplified upon the 18th May, when Fay's 
guard inadvertently applied the brakes whilst the train was running at a comparatively slow 
velocity ; the strong coupling-hook which united the tender to the guard's van was instantly 
snanped, and the train brought to a stand. 

Making a reduction of the preceding results, the following values of / = /j , representing the 
comparative retarding powers of the brakes in each case, are arrived at : — 



F-y. 
7-9749 
7-0512 
6*9480 
7-4074 
6-6979 
6-3076 
6*3062 
60311 



Mean 6*7030. 



Newall. 

6*7765 
2813 
0810 
4292 
8929 
6625 
2385 
5555 



6 
6 
6 
4 
4 
6 
5 



Mean 5*4984. 



In this case the brakes of Fay exhibit a superiority in the ratio of 6*7030 to 5*4984, or as 
1215 to 1000; or making a correction, as above trtated, for the friction of the carriages, the 
votive efficiency of Fay's and Newall's brakes would stand in the ratio of 6*553 to 5 '4084, or as 
1210 to 1000. 

Experiments with Flap-BraheSy with the Enfjine detached, — These experiments, Table VI., were made 
In precisely the same manner as the last, the trains consisting of three carriages with brakes to 
4acli, loaded to 9 tons 2 cwt. 

Table VI. — Flap-Brakes, Enginb detached. 



Ho. 



1 
2 
8* 



Fay. 



Time of 
Running' 
I Mile, in 
Seconds. 

35 

,35 

82 



Speed, in 

Milod 
an Hour. 



Kkwall. 



Velocity, 

in Feet 

a Second. 



Distance 

of Pulling 

np, in 

Yards. 



No. 



Time of 

Running 

\ Mile, in 

Seconds. 



Speed, In 

Miles 
an Hoar. 



Velocity, 

in Feet 

a Second. 



51-43 
51-43 
54-54 



75-43 
75-43 
80- 



158i 
1021 
184 



1 
2 
3* 



86 
36 
35 



50- . 

50- 

51-43 



73-33 
73-33 
75-43 



Distance 

of Pulling 

np. in 

Yai^ 



132) 

123 

192 



* Self-action only. 



Reducing the results, the comparative efficiency is : — 



Fay. 
5-9889 
5-8291 
5-7971 



Mean 5-8718. 



NewiiU. 
6-7560 
7-2870 
4-9387 



Mean 6-3272. 



In this case the superiority lies with Ncwall, in the ratio of 6*3272 to 5*8718, or as 1000 
to 928. 



Experiments with the Emjine attached to the Train. — These experiments were made with slide- 
brakes, upon tiie same ground and in the same manner as the last experiments. The rails also 
were in the same dry condition. The only difference was that the engine and tender remained 
attached to the train, instead of being uncoupled, and the tender-brake was a]:)plicd as rapidly as 
possible along witli the other brakon. 
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Table YIL— ExpiBrMEirrB wttb Kbw all's and Fat's Railway Bbakes, with Ekoike bot 

DISOOKKBCTED FBOM TrADT. 

Weight of engine, 24 tons ; weight of tender, ayeiage 10 tons ; weight of train, 27^ tons; 

weight of tank engine, 30 tons. 



Fay. 


Kkwall 


• 


Time of 
Running 
i Mile, in 
Seconds. 


Speed, in 

MiKv 
an Uoor. 


Velocity. 

in Feet 

aSecoixL 


Distance 

of Pulling 

np,in 

Yards. 


No. 


Time of 

Running 

i Mile. In 

Secondit. 


Speed, in 

Miles 
an Mour. 


Velocity. 

in Feet 

aSecood. 


DlsUnce 

ofPoUIog 

np,iii 

Yuis. 


1 
2 
3 
4* 


564 
53 
43 
35 


31-8 
33-96 
41-86 
51-43 


46-7 
49-81 
61*39 
75-43 


121i 
137 
1924 
274 


1 
2 
3 

• • 


53 

48i 
43 

• • 


33-96 
37 11 
41-86 

• • 


49-81 
54-43 
61-39 

• • 


124| 
169| 
221 

• • 



* Tank engine. 
Beducing these results, the comparative retarding force is found to be : — 
Fay. NewalL 



2*9956 
3-0184 
8-2663 



Mean 3-0934. 



3-3169 
2-9160 
2*8422 



Mean 3*0250. 



where the efficiency of the brakes is almost identical. Fay having an advantage, in the ratio of 
1022 to 1000. 

From the above extended and somewhat laborious experiments, the following summary of 
results is derived : — 

Table Yin. — Oenebal Sumhabt of Resxtlts of Expebiments with Newall's and Fay's 

Brakes. 



Average Number of 
Experiments. 



Fay. 



NewalL 



Oldham Incline, Table I. . 

Southport „ „ n. . 

„ ni. . 

V. . 

VI. . 

vn. . 



n 



11 
11 
n 
11 



11 
n 

n 



7 
5 
1 
8 
3 
3 



7 
1 
1 
8 
3 
3 



Average Efficiency of Brakee. 



Fny. 



NewalL 



1 
3 
3 
6 
5 
3 



8538 
6256 
2329 
7030 
8718 
0934 



1-7436 
4-9700 
3- 1416 
5-4984 
6-3272 
3 0250 



The general average from this Table gives, for the efficiency of Fay's brakes, 4-0634, and for 
that of Newairs 4- 1650, showing a slight superiority in favour of the latter. 

The following conclusions seem borne out by these experiments : — 

Ist. That with slide-brakes the greater number of experiments gave a manifest superiority 
to Fay's. 

2nd. That with flap-brakes there was a decided advantage on the side of Newall. 

3rd. That when the train was braked, with the engine attached, the results were uniform ; 
neither Fay's br^es nor Newall's gaining any decided superiority. 

During the whole of these trials there was a strong feeling of rivalry, which rendered 
necessary the greatest caution, in order to prevent any interference, which might modify and 
vitiate the results. To reconcile these differences, and to obtain correct returns, Unwin was 
employed to take charge of the train, and to see that the brakes were applied at the right time ; 
also to register the velocity of the train, and the distance of pulling up, uurmg each experiment. 
There is therefore every reason to believe that the results recorded are a strict expression of tho 
efficiency of the brakes, at their respective times of trial. 

YoUancTa Experiments with Newall and Fay's Railway Brakes, — It may be interesting to compare 
with these results the earlier experiments obtained by Colonel Yolland, on the same class of 
brakes, and under somewhat sinular conditions of trial, as detailed in his Report to the Board 
of l^rade, dated the 12th June, 1858. These results do not appear to have been reduced, hitherto, 
to any conmion standard of comparison. But as they embrace a wider range of circumstances of 
gradient, weather, weight, &c., than in Fairbaim's experiments, they will instructively test the 
method of reduction employed. 

In the experiments on the Accrington incline the trains weighed 72 tons each, and consisted 
of six weighted carriages, used in all the experiments, and of three carriages fitted with Newall's^ 
and three with Fay's brakes, respectively, and employed alternately. The required velocity was 
obtained by permitting the carnages to descend a mstance of from three-qua[rters of a mile to a 
mile along the incline, which fioJls at the rate of 1 in 38 to 1 in 40. The initial velocity at the 
instant of applpn^ the brakes was ascertained by observing the time required to traverse the 
quarter of a mile immediately preceding ; and the mean velocity over this distance is used in 
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Beducing 



\ J = 



or, when further reduced in the ratio of the weight of 
the whole train to the weight on the wheels braked .. 



3-8582 
5-0068 
3-7041 
4-0797 
3-5992 
2-9516 
2922 
0081 

•9660 
9130 
•3746 
•8181 
•2506 
-4858 
7335 



) Mean 3-6249; 



2- 
4" 

3 

5 

4- 

4 

4 

3 

4- 



J 



J 



Mean 4-5057. 



The preceding results obtained by Tolland are as follows : — 

Fay. 

Engine detached | l',^l^ '[ " 



Engine attached 



Newall. 

3-5516 

3-017 

4-671 

5-146 

4-505 



Dry. 

Wet. 

Mean 4-774. 



Table XIV. — Exfsbdosnts on M^Onnell's Steam Sledoe-Brake, between Bletchlet and 

OxFOBD, Januabt 19, 1858. 

The engine weighed 29 tons ; the tender, 14 tons 10 cwt. ; the carriages, 102 tons 9 owt. ; the 
guards' vans, 10 tons 4f cwt. ; steam-sledges assumed at 7 tons 2 cwt. 



No. 

1 




Velocity, in Feet 
a Second. 


Gradient, rising + , 
falling-. 


Distance of 

Palling ap^ in 

Yaida. 


Remarks. 


1 


/ 


27-5 


+ 1 in 150 


430 


None. 


2 




32 19 


+ 1 in 142 


285 


Steam and g^uard's. 


3 




19-35 


+ 1 in 142 


163 


Guard's. 


4 




52-8 


- 1 in 214 


590 


All. 


5 




60- 


- 1 in 149 


870 


Steam and tender. 


6 




48-88 


- 1 in 209 


673 


All. 


7 




36-67 


- 1 in 1430 


623 


Steam. 


8 




55- 


- 1 in 163 


880 


AU. 


9 


M^Conneirs 


55- 





763 


Tender and guard's. 


10 


steam-brake. \ 


57-39 





1320 


Steam. 


11 




52-8 


- 1 in 2211 


496 


AU. 


12 




60- 





540 


AU. 


13 




55- 


+ lin2211 


845 


AIL 


14 




47-14 





538 


Tender and guard's. 


15 




47-14 


- 1 in 452 


388 


AU. 


16 




62-86 


+ 1 in 163 


669 


AU. 


17 




57-89 





880 


Tender and guard's. 


18 


J V 


55- 


+ 1 in 209 


1194 


Steam. 



Beducing these 


results 


• 
• 






No. 




No. 




2 


.. .. / = 0-03793 


11 . 


. .. / = 0-93677 


3 


• • m t 


/ = 001562 


12 . 


. .. / = 1-11111 


4 


9 • • 


. / = 0-93791 


13 . 


. .. / = 1-42800 


5 


• • ■ 4 


. / = 0-90567 


14 , 


. .. / = 0-64824 


6 




. / = 0-74567 


15 . 


, .. / = 1-02560 


7 


• • • 1 


/ = 0-38224 


16 . 


. .. / = 0-78690 


8 


• • • t 


/ = 0-77041 


17 . 


. .. / = 0-62379 


9 


« • • 1 


. / = 0-66076 


18 . 


. .. / = 0-42225 


10 


■ • • 1 


. / = 0-41586 







Separating those experiments which were made on different brakes, and taking the mean of 
those made on the same, the value of each brake respectively is as foUows : — 



For the guard's brake / = 01562 

tender-brake / = 0-4989 

steam-brake / = 0-4373 

steam and tender brakes / = 0-9057 

steam and guard's brakes / = 0-3798 

guard's and tender brakes / = 0-6443 

guard's^ steam, and tender brakes .. .. / = 0-9678 



n 
« 
w 
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Table XI.— ExPSBnaorrs with Nbwall*8 Bsakks, between Liyebfool and Pre 

Febbuaby 22, 1858. 

Train of carriages weighing 83 tons 18 cwt. ; engine, 29 tons 2 owt. ; tender, 13 tons i 



Na 




Velocity, in Feet 
a Second. 


Gradient, rising +, 
falling-. 


Dlstanoe of 
Braking, in Yarda. 


Remark 


1 
2 
3 

4 

6 
7 


Newall .. < 
) ^ 


57-39 
48-88 
6600 

45-52 

57-39 
48-88 


- 1 in 135 
-1 in 180 
+ linl35 

+ 1 in 168 

- 1 in 150 
-1 in 130 


9^ I Tender ai 

208 hmVpn 

206 brakes. 
Tender an 
246 action ( 

1 brakes. 
276 \ Tender ai 
204 ./ brakes. 



Seducing as before, these data gi?e 



or, reduced in the ratio of the weight on the wheels 
bmked to the weight of the train 



/ = 2165 

/ = 2095 

/ = 3-285 

/ = 2-204 

/ = 2-201 

/ /, = 4-304 

/, = 4-164 

/, = 6-530 

/, = 4-381 

I /, = 4-375 



Mean 2-390; 



Mean 4-671. 



This agrees with the value /i = 3*5516, obtained in the first experiments at Aoeringi 
the rails dry, and is in excess of the value /, = 3 '017, obtained with the rails wetted by 
For experiment No. 4, with the self-action of the brs^es alone, / = 1*211, or about 
the full biWke-power. 

Table XIL — Expebimekts between Preston and Livebpool, with New all's Bai 

Bbakes, Febbuaby 22, 1858. 

Weight of train, 101 tons If cwt. ; weight on brakes, 71 tons 19^ cwt. 



No. 




Velocity, in Feet 
a Second. 


Gradient, rising + , 
falling - . 


Distance of 

Pulling up. in 

Yards. 


Bemart 


8 

9 

10 

11 


1 

Newall .. I 


73*33 
57-39 
44- 
60- 



+ 1 in 402 


- 1 in 120 


196 
130 
107 
167 


1 Tender a 
\ oontu 

1 ^^ 



If = 4*567 

f = 2 • 975 

f = 3-015 ' Mean 3' 

/ = 4-118 

I/, = 6-406 

f = 4-229 ^ Mean .' 

f\ = 5-776 

This would seem to indicate that the brakes act more efficiently, the more nearly i^ 
throughout the whole train. 

Table Xm. — Expebiments between Livebpool and Preston, with Newa 

Febbuaby 23, 1858. 



No. 




Velocity, In Feet 
a Second. 


Gradient, rising -f , 
falling -. 


Distance of 

Pulling up, in 

Yard*. 




1 


\ / 


77-65 


- 1 in 204 


314 


}^ 


2 




73-33 





179 


3 




52-8 





183 


li 


4 




73-33 


- 1 in 132 


227 


> 


5 


> Newall .. ( 


66- 


+ 1 in 135 


189 




6 




73-33 





249 


1 


7 




62-86 


- 1 in 150 


208 


• 


8 




44- 


- 1 in 700 


138 




9 


V 


77-65 


- 1 in 120 


235 


i 
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nr, when farther reduced in the ratio of the weight of 
the whole train to the weight on the wheels braked .. 



3 
5 
3 
4 
3 
2 
2 
4 

3 
5 
4 
4 
4 
3 
4 



•3582 
•0068 
•7041 
•0797 
•5992 
•9516 
•2922 
•0081 

•9660 
•9130 
•3745 
•8181 
•2506 
•4858 
•7335 



) Moan3^6249; 



J 



J 



Mean 4 •5057. 



The preceding results obtained by Tolland are as follows : — 

Far. 
O • ZoO • . . • 



Engine detached < 
Engine attached . . 



Newall. 

3 5516 
3017 
4^671 
5^146 

4 505 



Dry. 
Wet. 

Mean 4 •774. 



!*ABLB XIV. — ^EZPEBDIENTS ON M^OnNELL's StEAH SlEDOE-BbAKE, BETWEEN BUETCHLET AND 

OxFOBD, Januabt 19, 1858. 

rhe engine weighed 29 tons ; the tender, 14 tons 10 cwt. ; the carriages, 102 tons 9 cwt. ; the 
g^uards' vans, 10 tons 4f cwt. ; steam-sledges assumed at 7 tons 2 cwt. 



Ko. 
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+ lin 150 


430 


None. 
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32 


19 


+ 1 in 142 


285 


Steam and g^uard's. 
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19 


35 


+ 1 in 142 


163 


Guard's. 
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52 
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- 1 in 214 


590 


All. 
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60' 




- 1 in 149 


870 


Steam and tender. 
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48' 
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- 1 in 209 


673 


AU. 
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36 
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- 1 in 1430 


623 


Steam. 
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880 


All. 
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M»Conneir8 
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763 


Tender and guard's. 
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steam-brake. \ 


57 


39 





1320 


Steam. 
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52 


•8 


- lin 2211 


496 


AU. 
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60' 







540 


AU. 


13 




55 




+ 1 in 2211 


345 


AU. 


14 




47 


14 





538 


Tender and guard's. 
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47 


14 


- 1 in 452 


388 


AU. 
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62 


•86 


+ 1 in 163 


669 


AU. 


17 




57 


39 





880 


Tender and guard's. 


18 


J V 


55^ 


+ 1 in 209 


1194 


Steam. 



Beduoing these results : — 

No. 

2 .. .. / = 003793 

3 .. .. / = 001562 

4 .. .. / = 093791 

5 .. .. / = 090567 

6 .. . / = 074567 

7 .. .. / = 0^38224 

8 .. .. / = 0-77041 

9 .. .. / = 0-66076 
10 .. .. / = 0-41586 



No. 
11 
12 
13 
14 
15 
16 
17 
18 



/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 



0^ 93677 
111111 
!• 42800 
0^ 64824 
1-02560 
0^ 78690 
0^62379 
0^42225 



Separating those experiments which were made on different brakes, and taking the mean of 
those made on the same, the Talue of each brake respectively is as foUows : — 

For the guard's brake /= 0*1562 

„ tender-brake / = 0*4989 

steam-brake / = 0^4373 

steam and tender brakes / = 0*9057 

steam and guard's brakes / = 0^3793 

guard's and tender brakes / = 0*6443 

guard's, steam, and tender brakes .. .. / = 0*9678 
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These reduotionB seem to show that, in proportion to the weight npon it, the sledge-brake la 
more efficient than any brake applied to the wheels. Of conrse it is not aaserted that the sledge- 
brake could be employed in lieu of the present arrangement ; but that it renders useful, in retard- 
ing the train, a larger propoHion of the weight on it. 

M. Ouebik's Brake. 

Mean Retarding Force, in lbs. 
Table XV. a ton, on Brake Oarriages. 

M. Guerin's and tender brakes .. .. 35*9 .. .. Yolland. 

Ordinary van and tender brakes .. 40*8 .. „ 

Both these brakes were, for some reason, acting inefficiently. 

Ingram's Brake. 

Mean Retarding Force, in lbs. 
a ton weight, of the Ouriagea 
Table XVI. Braked. 

Ingram's and tender brakes 240*9 .. .. M. S. and L. Bailway. 

General Summary. 

Ratio of Weight on Brakes, to 

Retarding Force generated by them, 

or Mean GoeflBdent of Friction for 

eadi Brake. 

Newall's (dry) ) ( from 01544 to 01965 

(wet) I TTo,.,!^:^ I 00542 

Fay's (dry) f *a""Da"^ J from 01126 to 0*2082 

„ (wet) j I 0576 

Newall's (dry) I Yolland / 01116 

Fay's (dry) / ^^^^^^ " '{ 1020 

Ingram's (wet) 0*1075 

Guerin's (dry) 0*01048 

M'Connell's steam-bruke 0*28325 

That is, the retarding force generated by these brakes varies from y^ to -^ of the weight of 
the carriages to which brakes arc applied, and is ordinarily from i^ to •^. 

This agrees very well with the deductions from experiments on the friction of metal on metal, 
which give for smooth surfaces a coefficient varying from 0*15 to 0*2, or nearly identical with the 
best experiments above reported. 

Formulas, — To find the distance on a level line required to bring a train to a stand by 
braking: — 

Let 8 = the distance of pulling up, in yards ; 

V = the velocity of tne tram, in feet per second ; 
w = the weight on the braked wheels, in tons ; 
W = the total weight of the train, in tons ; 
$ = the inclination of the incline to the horizon, if the train is on a gradient, so that if the 

incline rises 1 ft. in x ft., then sin. 9 = — ; 

g = the action of gravity = 32 * 19. 

Then, if the train is braked throughout, and on a level line, s =. — - ; and if brakes are ap- 

r* W 
plied to a part of the train only, s = — - x — ; or, if the train is on an incline, 

p« W 

*"6/i ±6gBm,0^ "tc' 
where the + or — sign is to be taken, according as the incline falls or rises. 

The value of the coefficient /, must be selected from the Tables of Experiments already given, 
that coefficient being selected which was obtained under circumstances most nearly approaching 
those of the case to be determined. 

Thus, if the trains are stopped by the friction of their bearings, and so on, without the appli- 
cation of brakes, /j = 0* 13 (mean), and 6 /, = 0*78. 

If the brakes are ordinary guard and tender brakes, applied together, /, = 4, and 6 /| = 24, 
approximately. 

For brakes, such as Xewall's and Fay's, acting with maximum efficiency, /. = 5*5 to 6*5, and 
6/, = 33*0to390. 

Thus, supposing it is required to ascertain the distance in which a train weighing 60 tona, 
with brakes to 20 tons weight of the carriages, would be brought to rest, in ascending an incline 
of 1 in 27, at a velocity of 60 ft. a second ; then taking f^ = 4, 

t?* W _ (60 X 60) ?? - lie da 

' ~ 6/, + 6 ^ sin. 0^ xo " 6 X 4 + 6 X 32*19 X ^ ^ 20 " ^ 

^ If the rails are wetted by rain, the value of the coefficients given above must be taken at one- 
third less, and if greasy, their value may be reduced by as much as one-half or three-fourths. 
It is convenient, in some cases, to estimate the braking power in time rather than in diatanoe. 
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Now, theoretically, putting t = the time of braking, in seconds, then * = -r . In practice this does 
not hold strictly true ; hence ^ = — — or, where x ia a constant to be derived from the experi- 

ments; .*. a: = <+ -. 

Now, from the Oldham experiments : — 

For Fay's brakes x = 3, 6, 8, 8, 3, 8. 

For Newall's brakes a? = 4, 2, 5, 0, 7, 8, 9. 

Hence mean a? = 5*4. 



« = -— 5*4 = ( 7-X— I — 5-4. 
/ V/i «'/ 



The above formulas will be found sufficient for the purpose of ascertaining the amount of 
brake-power required to arrest the motion of any train, within such a distance as may be consi- 
dered safe by the railway company, or by the engineer ; or in any given case, to determine the 
distance within which a train of any required weight may be stopped when travelling at any 
velocity. 

Steam-Brakes. — ^During the last few years engineers have undertaken to construct railway brakes 
which would act more effectively than those previously used. Every engineer knows tlie imper- 
fections of the apparatus and of plans for effecting the retardation or stopping of trains. He 
knows further how urgent the demand for such means is ; the more so as it is desirable to take 
away from the tender as much weight as possible, and strengthen and lighten the engine by an 
extcSaded application of steeL so that the tender may carry more fuel and feed-water, without in- 
creasing the total weight of the engine and loaded tender, or diminishing the power of the engine. 
Independently of these considerations, it is generally acknowledged that the retarding power 
ought to proceed from the same parts of the mechanism which transfers the propelling power, and 
that a properly constructed brake ought to be operated by the accumulated force when not 
requirea to propel the train. With those considerations in view, numerotui experiments were made, 
and plans tried ; however, applicable and satisfactory results were not obtained. 

A correct investigation will show the error of providing for the carriages or wagons a separate 
brake-mechanism, even should the power to operate such mechanism be taken from the locomotive 
boiler. With locomotives, however, means must be found which will not only allow us to accumu- 
late a sufficient retarding force in the boiler, but which will also give us the power to regulate its 
application and intensity, so as to destroy, gradually, the work conserved in the train and due to 
the weight of the train and its uniform velocity. At the same time the means provided must have 
the power to diminish by degrees, and ultimately to reverse, the tractive power of the engine. 

We propose to examine the four following systems of steam-brakes, namely : — 

1. The reversing of the valve-gear (System Jjechatelier-Ricour). 

2. The compression of the steam (System Zch). 

3. The compression of the air in the cylinder (System de Bergues). 

4. The repre^ion of the steam (Frein k Vapeur de Landsee, and Steam-repression Brake 

of Krauss and Co.). 

The steam-brake of Krauss and Co. was designed bv Professor Linde, of Munich. 

The systems 1 and 4 depend upon the same principle, that is, the counter-effect of the steam ; 
bat the methods of application are different. 

The Reversing of the Fa/otf-jy^ir.— The motion of any locomotive can be diminished by simply 
reversing the valve-gear; but it is easy to understand that the counter-effect of the steam increases 
quickly the pressure of the steam in the boiler. This is, however, a minor reason why the counter- 
effect of the steam should be applied, to suddenly stop trains, only in exceptional cases ; for 
another disadvantage of a more serious character is to be met with. The exhaust-jwrt opens in 
locomotives, not directly into the open air, but communicates, through the exhaust-pipe, with the 
interior of the smoke-box. Whilst the cylinders are now drawing in the air, they will thus not be 
filled with pure air, but with the gases of combustion from the smoke-box, which have not only 
a very high temperature of 400°, 500°, and upwards, but which also carry with them a great many 
unconsumed parts of the fueL The disadvantageous influence which the practice of using the 
counter-pressure of the steam will have upon the engine and boiler of a locomotive will thus be at 
once understood. But let us examine the distribution of the steam produced by the reversing of 
the valve-motion, and we shall find that it is very disadvantageous, and becomes still more di«id- 
Yantageous the faster the engines work and the more powerful the effect becomes. 

Suppose the crank to stand at one of the dead points A, Fig. 1248, that it travels in the direction 
indicated by the arrow, and thus contrary to the valve-motion ; then the angle of advance becomes 
negative. The steam enters the cylinder behind the piston, imtil the latter has reached the 
point B, where, at the ordinary working of the engine, the steam in front of the piston began to 
De admitted. It is a very short distance, but the clearances of the pistons are filled, and a small 
but accelerated expansion of the steam takes place till the piston reaches the point C. The com- 
pression began formerly at that point, but now a communication with the exhaust is effected, which 
remains open and allows the air to enter the cylinder behind the piston during the full forward 
stroke. This communication with the exhaust-pipe continues in front of the piston to the point 
B, where formerly the release of the steam began ; an insignificant compression of the air follows 
next, till the piston arrives at E, where formerly the expansion of the steam began. But only 
now, after the piston has travelled a part of its stroke and its velocity becomes great in proportion 
to tiie Telootty of the crank, the admission of the counter-effect begins through the slowly-opening 

2 R 2 
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These reductions seem to show that, in proportion to the weight upon it, the sledge-biake i8 
more efllcient than any brake applied to the wheels. Of course it is not asserted that the sled^ 
brake could be employed in lieu of the present arrangement ; but that it renders useful, in ictarc- 
ing the train, a larger proportion of the weight on it. 

M. Ouebin's Bbake. 

Mean Retarding Force, in lbs. 
Table XV. a ton, on Brake Garrlagea. 

M. Guerin's and tender brakes .. .. 35 9 .. .. Yolland. 
Ordinary van and tender brakes .. 40*8 .... „ 

Both these brakes were, for some reason, acting inefficiently. 

Ingram's Brake. 

Mean Retarding Force, in lbs. 
a ton weight, of the Ouriagea 
Table XVI. Braked. 

Ingram's and tender brakes 240*9 .. M. S. and L. Railway. 

General Sumh art. 

Ratio of Weight on Brakes, to 

Retarding Force generated by them. 

or Mean CoefBdent of Friction for 

each Brake. 

Newall's (dry) ) ( from 0*1544 to 01965 

„ (wet) ( Ti,,j,i^,„, I 0542 

Fay's (dry) [ ^^^^^^"^ J from 1126 to 0*2082 

„ (wet) j I 0*0576 

Newall's (dry) \ yoUand / ^'^^^^ 

Fay's (dry) / ^<>"*^^ - **\ 01020 

Ingram's (wet) 0*1075 

Guerin's (dry) 0*01048 

M'Ck)nnell'8 steam-bruke 0*28325 

That is, the retarding force generated by these brakes varies from y^ to -j^ of the weight of 
the carriages to which brakes are applied, and is ordinarily from i^ to •^. 

This agrees very weU with the deductions from experiments on the friction of metal on metal, 
which give for smooth surfaces a coefficient varying from 0*15 to 0*2, or nearly identical with the 
best experiments above reported. 

Formulas, — To find the distance on a level line required to bring a train to a stand by 
braking:— 

Let 8 = the distance of pulling up, in yards ; 

V = the velocity of tne train, in feet per second ; 
V) = the weight on the braked wheels, in tons ; 
W = the totsd weight of the train, in tons ; 
B — the inclination of the incline to the horizon, if the train is on a gradient, so that if the 

incline rises 1 ft. in :r ft., then sin. Q — —\ 

g = the action of gravity = 32 * 19. 

Then, if the train is braked throughout, and on a level line, 8 = ——■ ; and if brakes nrc ap- 

t/* W 
plied to a part of the train only, s = -— ■ x — ; or, if the train is on an incline, 

6/, Iff 

p« W 

'~6/i ± 6y sin. d w' 

where the + or — sign is to be taken, according as the incline falls or rises. 

The value of the coefficient /i must be selected from the Tables of Experiments already given, 
that coefficient being selected which was obtained under circumstances most nearly approaching 
those of the case to be determined. 

Thus, if the trains are stopped by the friction of their bearings, and so on, without the appli- 
cation of brakes, /j = 0* 13 (mean), and 6 /, = 0*78. 

If the brakes are ordinary guard and tender brakes, applied together, /, = 4, and 6 /| = 24, 
approximately. 

For brakes, such as Newall's and Fay's, acting with maximum efficiency, /^ = 5*5 to 6*5, and 
6/, = 330to390. 

Thus, supposing it \b required to ascertain the distance in which a train weighing 60 tons, 
with brakes to 20 tons weight of the carriages, would be brought to rest, in ascending an incline 
of 1 in 27, at a velocity of 60 ft. a second ; then taking /j = 4, 

- o* W _ (60 X 60) ?? - 116 

*"6/, + 6ysin. d^w"6x4 + 6x 32*19 x ^y ^ 20 " ^ 

^ If the rails are wetted by rain, the value of the coefficients given above must be taken at one- 
third less, and if greasy, their value may be reduced by as much as one-half or three-fourths. 
It is convenient, in some cases, to estimate the braking power in time rather than in distance. 
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a mixtnre of steam and water can be introduced into the closed vessel, and from it, led by the pipe 
first mentioned, to the exhaust-pipe. The action of this arrangement is as follows : — When 
the engine is reversed for the purpose of retard- 
ing the train, the pistons would, under ordinary 
circumstances, pump air into the boiler, mixed 
with dust from the smoke-box, cutting and da- 
maging the working surfaces of the cylimlers and 
valves. 

To prevent this damage, M. Lechatelier's plan 
provides for the admission of the mixture of steam 
and water into the blast-pipe when the engine is 
reversed, and the pistons then pump this mix- 
tore, instead of air, into the boiler. The water 
serves to lubricate the pistons, and the quantity 
admitted is just about as much as will be evapo- _^__ 
rated by the heat generated by the friction of the ■■^■"" 
working parts. The supply of steam to the blast- 
pipe is generally allowed to be somewhat in ex- •""^^^ 
008S of the quantity which can be pumped back 
into the boiler by the pistons, and the snudl quan- 
tity, which is thus constantly escaping at the 
blast-nozzle, serves to prevent the admission of a current of air. But experience has not only 
shown that Lechatelier's method, especially at a high speed of the engine, is in many cases not 
powerful enough, but that the admission of the proper quantity of steam ana water requires great 
skill from the drivers. 

The Compression of the Steam. — The method proposed by Zeh takes place by shutting the 
exhaust-pipe and placing the valve-gear on a high grade of expansion, so that the steam haa to 

C>rform not only little work, but the escape of the expanded steam is also prevented, and the 
tter is thus compressed at the backward stroke of the piston. 

The diagram. Fig. 1249, shows that the intensity of the effect can only be increased to a trifling 
degree. The pressure of the steam in front of the piston and at the commencement of the stroke 
can only be little more than that of the atmosphere, and the piston has to travel half of its stroke 
before the compression at C begins. When the crank arrives at B, almost at the end of the stroke, 
the pressure of the steam in front of the piston is still much less than the pressure of the steam 
in the boiler which acts now upon the piston for the remainder of the stroke. We get thus at 
first a retarding work, represented in the figure by the area ab ec d; next a propelling work, 
represented by the area a e c d, and composed of the area c e, the work done by the full pressure of 
the steam, and the area e a, the work done by the expansion of the steam. The comparison 
between the two works shows in fact a very insignificant effect of this method. 

The Compression of Air in the Cylinders has been proposed by M. de Bergues as a means for 
retarding the motion of locomotives. According to M. ae Bergues' plan, the regulator and the 
blast-pipe are shut, the admission-pipe is put in communication with an air-vessel which is 
provided with a safety-valve, the exhaust-pipe is put in communication with the atmosphere, 
and the valve-motion is reversed. The counter-pressure can thus be increased to a certain degree, 
independently of the pressure in the boiler ; but here also the disadvantages appear to be very 
great. In the first instance, M. de Bergues sacrifices the relation to the boiler; and hence he 
cannot accumulate a sufiicient retarding force. Next, he reverses the valve-motion, and has thus 
from the beginning a disadvantageous distribution of steam, which, moreover, must produce a 
limited effect of the power, as the pressure of the steam is very variable. 

The air-vessel must not be too large, in order to profluce, quickly, highly compressed air ; 
a perceptible reduction of the pressure of the compressed air effects the filling of the steam- 
cylinders. The compression produces, besides, a high temperature in the cylinders, which require 
special precautions and a very abundant oiling ; finally, the arrangement and management of the 
apparatus are rather complicated. It gives very good results for short runs, but not under pro- 
longed working. 

Steam-Brake of M. de Landsee. — M. de Landsee acts upon the very correct principle to produce 
the retarding power by means of using steam from the boiler as a bctck-pressure upon the pistons 
in a more advantageous manner than with the reversing of the valve-gear. For that purpose. 
M. de Landsee ad£ to the engine for the admission of the steam in front of the piston a second 
valve-gear, to the cylinder another steam-chest and another system of ports ; for the movement of 
the second valve he fixes an eccentric rectangular to the crank, a link and the necessary gear. 
In order to retard the motion of the engine, the exhaust-pipe is shut, the main valve-gear is placed 
on a high gnule of expansion, so that the steam behind the piston performs a little work by 
expansion, whilst the steam in front of the piston, which has entered the cylinder through the 
se^md steam-chest G, Figs. 1254, 1255, \b pressed back into the boiler, and acts thus by its 
repression upon the piston in comparison to the compression performed in the cylinder. 

It must be admitted that fiiis arrangement offers a satisfactory solution of the existing 
problem ; but if the a])paratus is destined to produce a more powerful effect than the apparatus 
previously examined, two moments of some importance have been neglected. 

Let us examine what occurs during one revolution of the cruik. The main valve H is 
supposed to have opened the port as much as ^e linear advance. The clearance of the piston, 
which in the present construction is enlarged on account of the second port communicating with 
the steam-chest G, amounting at least to 7} per cent, of the volume of the cylinder, is still 
filled with steam from the last repression. K we suppose ^ to be the degree of expansion, or 
\1\ per cent the filling of the cylinders, c e will show in a graphical manner, in Fig. 1250, the 



Kfter the pUton baa travelled about TO per cent, of the stroke ; the Bteam will thus hare lott 
in a proportioD of 77'S to 17'5 of its prcBiiure. Altboagh the exhniul is shut and previnits 
the escape of thU steam of almost i of the pressure of the steam in the boiler, a considemble 
Tolome of fresh steam enters the cylinder from that part of the eibaust which extends to the 
distribution-valve S, and which had been filled during the preceding repression. If we suppose 
tbe volume of that part to be 20 per ceut. of that of the cylinder, the pressure of the steam will 
Inoretue in a proportion of 

17-5 . 17S , /, 17-5\ 20 ITS . 17 5 



77-5 ■ 77-5 ^ V 77-5; 97-5' 77-5 77-5^ 
t the end of the stroke the pressure will havoagRin dprreased in a proportion of 127-5 ; 
re get thus with a pressure of H atmoepherea in (he boiler, after all, only a pressure of 



'=''(^+°'")S ■■'■'"°'"''''" 



The value of the accelerated work is thus higher than at first calculated ; it amounts at 
loast to 45 per cent, of tbe total work performed by the piston (according to Boyle's law). Bnt 
another circumstance, which reilucta the retarding power at a high speed of tbe locomotive, baa 
been entirely neglected, namely, tlie want of lead for the admission of the counter-steam. Of 
course, this lead could only be obtained nu accoimt of a still more disadvantageous distribution 
of the steam on tbe backward stroke of the piston, or by fixing a fourth eccentric. The valve G 
must thus travel a distance correi>ponding to its lap, before it admits the oounter-steam into tha 
cylinder, after llie piston bus reached the end of the stroke. At a high speed, the piston will 
have to travel a considerable part of its stroke before it meets in &ont with steam, the preasnra 
of wbich is equal to that in the boiler. 

The whole construction, although very ingenious, is loo complicated, and the large clearances 
of the pistons, required by the two systems of ports, are great disadvantages. The simple 
principle, to admit steam into tbe cylinder, and to have it pressed back into tbe boiler by the 
movemcut of tbe pisloo, without any modification of tbe valve-motion, but b; allowing the steam 
to enter the cylinders through tbe exhaust-pipes, instead of through the ordinEu? steam-pipes, haa 
been ad<nited in 

The Reprettion Brake of Kraasi and Co., Mnnich. — This plan oonsists in an arruigement br 
means of which the steam can bo made to enter the cylinders through the exhaust-pipes, instead 
of thiongb the ordinnry steam-pipes, the blnst-nozzle being at the same time olosral, and tb* 
steam admitted through the exhaust-pipes being pumped back, partly into the boiler, and p«rtly 
into the steam-chests, from wbich ft escapes through an adjustable valve into the chimney. & 
course, the engine has not to be reversed, as in M. Lechntelier's arrangement. 

The simplest arrangement is to place the regulator in the smoke-box, and to provide it with 
a segment-valve, as shown in Figs, I25C to 1259. The regulator-valve B is connected with the 
blast-pipe by a tube A. and the blaat-pipe is also provided with a segment-valve B. When the 
inlet to tbe steam-chest is shut by the fint-mentioned valve, and tbe communication with the blast- 
pipe is open, the outlet of the latter being shut, then the steam passes from tbe boUer, through 
the tube and the blast-pipe, into the outlets or discharged ports of the stide-valve, and mslus 
against the piston with a counter-presaure equal to the steam-preseure during nearly the fnll 
stroke, that is to say, during tbe time that the steam is acting to work tbe engine; during this 
■ r, When about -l^ of the stroke has been 



oonnter-piessure the steam is returned into the boiler, 
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aooompliBhed, the ontlet is shut, and the gteam being still in the cylinder, is further compressed till 
the ordinary inlet is opened by the slide-valve ; and this steam can then escape to the steam-chest, 
and from there through a valve to the chimney. This valve is regulated by a cock, and can be put 
in communication through the inlet-tube, Fig. 1261, with the steam-chest, but during the working 
of the engine the valve is shut. This valve regu- 
lates the quantity of steam which is retained in the 
steam-chest, and also regulates the work of the 
brake. The regulation of the back-pressure may 
also be effected by regidating the steam-pressure 
in the blast-pipe, and this is done by enlarging 
or narrowing the inlet opening, also by admitting 
steam to the steam-chest through the regulator- 
valve and expansion-yalve ; that is to say, by the 
introduction of steam into the cylinder on both 
sides of the piston. To simplify the working of 
the apparatus, the regulator-valve, the blast-pipe 
valve, and the valve with the regulating cock, 
are connected by levers, so that by simply moving 
the regulator the engine can bo driven at full 
speed, or can be reversed. By this arrangement 
of the apparatus it is possible nearly instantane- 
ously to change the propelling force of the engine 
into a retarding force. When the piston is nearly 
at the end of the stroke, on the other side, the 
slide-valve begins to .open the admission open- 
ings, and the steam passes into the empty cylin- 
der, so that the latter is full of steam when the 
piston returns; this steam is now forced back 

into the boiler. This action continues till the slide-valve shuts the communication between the 
cylinder and the admission opening ; the confined steam is then further compressed. This com- 
pression is at the highest point when the slide-valve is in communication with the cylinder and 
the steam-chest just before the crank is at the dead point ; the steam then passes into the 
steam-chest and through the valve. It is necessary that the slide-valves should be prevented 
from being pressed back by the compressed steam, and Figs. 1257 to 1261 show the arrange- 
ment employed for that purpose. The valve, it will.be seen, is fitted vrith a piston, at the 
back of which is a hole, which is connected by a tube with the blast-pipe, so that while braking, 
the steam can act upon the piston and prevent the pressing back of the slide-valve. Fig. 1251 
shows the distribution and action of the steam in a graphical manner. At D, where formerly the 
release of the steam began, the admission of the counter-steam into the cylinder commencesi, 
80 that when the piston arrives at the end of its stroke, the whole cylinder is filled with counter- 
steam, which has to be pressed back into the boiler by the piston, till the crank has reached 
the point G, when the communication with the blast-pipe is cut off. The remaining steam ia com- 
pressed until the point B is reached, when it escapes through the valve into the steam-chest. 
Whilst the steam acts with fuU pressure during the whole stroke in front of the piston, the com- 
munication with the steam-chest is maintained behind the piston, until the crank arrives at the 
point E. 

Dynamometer-Brake. — Prow/s Friction Dynamometer-Brake, — A friction brake may be employed 
to measure the power applied to, and the mechanical effect produced by, a shaft or other part of a 
machine which revolves uniformly ; it must be clearly understood that neither the power nor the 
effect can be measured unless the revolutions continue uniform after the brake is applied and 
adjusted. Piobert and Fardy, in 1821, applied a brake as a dynamometer to determine the power 
of water-wheels; but M. Prony first applied a brake to determine the power transmitted by 
steam. 

It was determined by experiment that friction had a uniform resisting power that might be 
intensified by pressure : Prony contrived a brake to apply this retarding power to bring revolving 
shafts to given or required uniform velocities, so that the power applied by, or conserved in, a 
machine might be measured. Prony's brake, in its simplest form, is shown in Fig. 1262. Let the 
circle O be a cross-section of a horizontal shaft, 
which is revolving, but not uniformly; M, M, A, 
is the brake, the pressure of which may be in- 
creased or diminished by tightening or loosening 
the screws e, e, respectively. A circular cavity is 
made in the two wooden jaws M, M', which re- 
ceives the revolving shaft O ; the upper jaw M is 
lengthened to support a balance scale A P, which 
may be loaded with any required weight. The 
operation which we are about to describe must not 

be confounded with that of weighing a body by means of a lever and fixed prop. Now, snppoee 
that a shaft O makes k uniform revolutions a minute, and, at the same time, mrives any machinery 
whatever, and that we require to know the amount of power employed in driving such machinery. 
To effect this object, the communication between the shaft O and the machinery driven by it must 
be removed, and the brake so tightened on the shaft that it wiU make just k revolutions a minute. 
While the brake is being pressed by the screws e, e, to obtain the necessary amount of friction, it 
is prevented from being turned with the shaft by props. Then weights are placed in the scale A, 
to bring the arm M A into a horizontal position : the props which preveilted the brake from being 
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whirled ronnd with the Bhaffc are not in contact ¥rith the brake when M A is horizontal. When 
the brake is thus screwed up and poised, the shaft must continue to make k uniform revolutions a 
minute ; then the power transmitted by the shaft O may be calculated. I^et P be the weight sus- 
pended at A, and p the perpendicular distance from the centre of O to the line A P : Q the 
weight of the scale and tnat part of the apparatus which assists the weight P ; G its centre of 
gravity, and q the perpendicular distance from O to the line G Q. The reaction of the friction of the 
jaws M, M', upon the revolving shaft O may be resolved into normal forces n, n\ n'\ .... and 
tangental forces /, fyf\.,,. acting in the direction of the rotatory motion. When the equi- 
librium of the apparatus is established, the sum of the moments of these diflerent forces, in relation 
to the centre of O, must be equal to zero. But the normal forces have no moments, and if r be 
put for the radius of the shaft, we have the equation fr + fr+f'r+ . . . . — Pp — Q ^r = O. 
Or putting 28/ r forthe sum of the forces /r 4- /* r -h /" r + . . . . we have the equation 

2fr=Fp^Q,q, [1] 

Taking the angular velocity at the distance of a unit from the centre of O (see Angular YELoaiT), 

the work of friction for one revolution is found by multipljring 3/r by 2», » being put = 3*14159 

. . . . ; whence, if N = the number of revolutions a minute, and if ^/ be put for the work of the 

2 » N 
fHotion in a second, we have Cj^/ = ^^ 2/r. When the value of the general expression oon- 



60 



ventionally written 2/r, from equation [1], is substituted, we have 



[2] 



The weight P, required to bring A M to a horizontal position, and the perpendicular distance 
p, are known. The moment Q q may be found in the fol- x263. /c:\ 

lowing manner: — The apparatus is weighed, as shown in ^ 

Fig. 1263, bv supporting the brake, detached, on a knife- 
edge I, and bringing the lever I A into a horizontal position _, i^ 
by means of a weight P' attached to a cord, which passes Cp ^jix^ 
over a fixed pulley, and is connected to the end A of the f ^^ 
lever. The friction of the pulley being neglected, the ten- 
sion T is equal to the force r', and we have the equation 

Tp = Qq oTV'p = Qq, [3] 

The weight P' is termed the permanent load. 



Subistituting F*p for Q^ in equation [2], we obtain the equation 



I 
I 
I 
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i 
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N the uniform revolutions and P become known when the brake is perfectly adjusted. 

If, for example, p = 2»-50; P' = 30'', and the shaft O, Fig. 1262, to make continually forty 
uniform revolutions a minute when P = 120>' , tlien N = 40, and the general expression 



«r = 



3- 14159265 x 40 
30 



(120 -h 30) X (2-5) = 1570-79633 



French units of work, or 1570*79633 kilogrammes raised the height of 1 miitre. The French 

consider a horse-power = 75 kilc^rammes raised 1 ni^tre in a second. 75 French units of work 

^13000 
are equal to 542 -5 English units of work; ^^ = 550; but 550 : 542*5 :: 1 : -9864; therefore an 



60 



English horse-power is a French horse-power, as 1 is to 9864 nearly. 1570*79633 -*- 75 = 20*94 
hone-power, according to the French method of measurement. 

Again, suppose /> = 8 ft.; F = 50 lbs.; P = 250 lbs.; and N = 40; then 



^/ = 



3 1416x40 



30 



(250 + 50) 8 = 10052' 12 units of work a minute ; 



10052 12 
550 



= 18*28 horse-power (English). 



In practice, the jaws are not directly applied to the shaft; but if the latter is of cast iron, 
a circular frame, expressly framed and bored for that pur- 1264. 

pose, is fastened to it by means of adjusting-screws. If KSf\p 
the shaft is of timber, and of a large size, it is surrounded ^Q^ 
by a ring formed of two parts and provided with screws I 
for its correct centering ; this ring is fastened to the shaft 
by means of wedges. Li both cases the jaws of the brake 
are applied to tiie circular frame or ring, as shown in 
Fig. 1264. 

If the product 2/r or r 2/ remains the same for an 
equal numoer of horse-power, 2/ is so much greater, the 
smaller r is taken. But the friction may thus become 
too great, and by altering, consequently, the contactinj? 
surfaces, it will also lose its uniformity. Experience has proved thut with 




a diameter of between 
16 and 20 centimetres, 
80 ^ 40 
60 « 80 



w 



n 



and a velocity of between 
20 and 30 revolutions per minute, 
15 „ 30 
15 ^ SO 



f» 
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n 



n 



the power can be measured of 
6 or 8 horses, 
15 „ 25 



♦» 



40 „ 70 
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aooompliBhed, the ontlet is Bhnt, and the steftm being still in the cylinder, is further oompressed tOl 
the ordinary inlet is opened by the slide-valve ; and this steam can then escape to the steam-chert, 
and from there through a valve to the chimney. This valve is regulated by a cock, and can be put 
in communication through the inlet-tube, Fig. 1261, with the steam-chest, but during the working 
of the engine the valve is shut. This valve regu- 
lates the quantity of steam which is retained in the 
steam-chest, and also regulates the work of the 
brake. The regulation of the back-pressure may 
also be effected by regulating the steam-pressure 
in the blast-pipe, and this is done by enlarging 
or narrowing the inlet opening, also by admitting 
steam to the steam-chest through the regulator- 
valve and expansion-valve ; that is to say, by the 
introduction of steam into the cylinder on both 
sides of the piston. To simplify the working of 
the apparatus, the regulator-valve, the blast-pipe 
valve, and the valve with the regulating cock, 
are connected by levers, so that by simply moving 
the regulator the engine can bo driven at full 
speed, or can be reversed. By this arrangement 
of the apparatus it is possible nearly instantane- 
ously to change the propelling force of the engine 
into a retarding force. When the piston is nearly 
at the end of the stroke, on the other side, the 
slide-valve begins to open the admission open- 
ings, and the steam passes into the empty cylin- 
der, so that the latter is full of steam when the 
piston returns; this steam is now forced back 

into the boiler. This action continues till the slide-valve shuts the communication between tk^ 
cylinder and the admission opening ; the confined steam is then further compressed. This oon».— 
pression is at the highest point when the slide-valve is in communication with the cylinder and 
the steam-chest just before the crank is at the dead point; the steam then passes into th^ 
steam-chest and through the valve. It is necessary that the slide-valves should be preventer} 
from being pressed back by the compressed steam, and Figs. 1257 to 1261 show the arrange- 
ment employed for that purpose. The valve, it will.be seen, is fitted with a piston, at we 
back of which is a hole, which is connected by a tube with the blast-pipe, so that while brakin^^, 
the steam can act upon the piston and prevent the pressing bcLck of the slide-valve. Fig. 1251 
shows the distribution and action of the steam in a graphical manner. At D, where formerly the 
release of the steam began, the admission of the counter-steam into the cylinder commences, 
80 that when the piston arrives at the end of its stroke, the whole cylinder is filled with counter- 
steam, which has to be pressed back into the boiler by the piston, till the crank has reached 
the point 0, when the communication with the blast-pipe is cut off. The remaining steam is ooio- 
pressed until the point B is reached, when it escapes through the valve into the steam-chest 
Whilst the steam acts with full pressure during the whole stroke in front of the piston, the com- 
mimication with the steam-chest is maintained behind the piston, until the crank arrives at the 
point E. 

Dynamometer-Brake. — Prony*8 Friction Dynamometer-Brake, — A friction brake may be employed 
to measure the power applied to, and the mechanical effect produced by, a shaft or other part of a 
machine which revolves imiformly ; it must be clearly understood that neither the power nor the 
effect can be measiired unless the revolutions continue uniform after the brake is applied and 
adjusted. I'iobert and Fardy, in 1821, applied a brake as a dynamometer to determine the power 
of water-wheels; but M. Prony first applied a brake to determine the power transmitted by 
steam. 

It was determined by experiment that friction had a uniform resisting power that might be 
intensified by pressure : Prony contrived a brake to apply this retarding power to bring revolving 
shafts to given or required uniform velocities, so that the power applied by, or conserved in, a 
machine might be measured. Prony's brake, in its simplest form, is shown in Fig. 1262. Let the 
circle O be a cross-section of a horizontal shaft, 
which is revolving, but not uniformly; M, M, A, 
is the brake, the pressure of which may be in- 
creased or diminished by tightening or loosening 
the screws e, e, respectively. A circular cavity is 
made in the two wooden jaws M, M', which re- 
ceives the revolving shaft ; the upper jaw M is 
lengthened to support a balance scale A P, which 
may be loaded with any required weight. The 
operation which we are about to describe must not 

be confounded with that of weighing a body by means of a lever and fixed prop. Now, suppose 
that a shaft O makes k uniform revolutions a minute, and, at the same time, drives any machinery 
whatever, and that we require to know the amount of power employed in driving such machinery. 
To effect this object, the communication between the shaft O and the machinery driven by it must 
be removed, and the brake so tightened on the shaft that it will make just k revolutions a minute. 
While the brake ia being pressed by the screws «, «, to obtain the necessary amount of friction, it 
is prevented from being turned with the shaft by props. Then weights are placed in the scale A, 
to bring the arm M A into a horizontal position : the props which preveilted the brake from being 
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Suppose a force P of 200 lbs. to be applied at B, in the direction of B D as indicated by the 
arrow P ; when the two bars A B, B C, are brought into a straight line in the direction of the 
arrow Q, what weight W may be thus moved by the action of the force P? W is constrained 
(o move in a given path by the action of the equal forces B and 8. Units of work done by 

P= ^x 200=40 units of work. 287*98 = AC, and AB + BO =288*02. 28802-287*98 = 

*04 in., the space over which W must pass in the direction indicated by the arrow Q when B is 

•04 _ _ .,04 



12 



W = the units of work done in raising W, consequently — ^ W=: 40, 



12 



1268. 




moved from B to D. .' 

W 

or — — = 40; .*. W = 12000 lbs., which exceeds 5 tons. 

»JvU 

John George Appold's brake, which constituted the most important part of the machinery 
employed to pay-out the French Atlantic Cable, owes its efficiency and success to a judicious 
application of the toggle-principle to 
control and regulate the retarding 
power of friction. The principle upon 
which Appold formed this mechanical 
combination may be thus explained : — 
In Fig. 1268, is the pivot of the 
brake-wheel, C the pivot on which the 
lever C, A, B, works; W represents 
the weight on the brake. The brake- 
wheel D £ is attached to the paying- 
out drum. When the friction of the 
brake-strap B D E A is greater than 
the weight W, the latter is lifted up 
and takes a position w; C B A takes 
the position C 6 a ; the strap takes the 
position 6 D E rt ; and the force W may 
De resolved into two forces, one acting 
along a be, which is neutralized by the 

Sivot C, and another P acting perpen- 
icular to Ca; the reacting force Q 
on the ;)ivot C straightens the toggle 
O C a into its original position O C B A, 
by a very trifling force Q. Thus the 
strap a E D 6 is relaxed and allows the 
wheel D£ to slip. 

J, 0. Appdd's Brake Apparatus for 
laying Submarine Telegraphic Cables, 
Figs. 1269, 1270, relates to a novel 
arrangement or construction of a self-acting or self-relieving brake, wHich may be adapted to 
the dnmis. pulleys, or shafts of the apparatus employed for submerging or paying-out tele- 
graphic cables into the water. It is advisable that the strain on the cable while being payed- 
out into the water should be always maintained as uniform as possible under all circumstances, 
so that no danger of breaking or damaging the cable bv any sudden or undue strain may be 
apprehended. This object is effected by adapting to the snafts of the paying-out pulleys a drum, 
on the siirface of which a uniform friction is maintained by means of binding bands or straps, 
which are connected with a weighted vibrating or movable lover. This lever is capable of being 
weighted to any desired extent, according to the amoimt of friction required to be maintained. 
The weights or pressure put on the brake determines the friction thereof on the rotating drums, 
and consequently the amoimt of strain on the cable, which strain can be regulated with nicety and 
great facility. The weights or pressure acting on the vibrating lever or other convenient part of 
the brake has a tendency to draw the friction strap or band tight on the rotating drum, while 
the rotation of the drum has a constant tendency to lift the weight, and, by loosening the strap 
or band on the drum, to relieve the brake fh)m the pressure to which it is subjected. From this 
it will be understood that these two forces are acting in opposition, and consequently the one has 
a tendency to counteract the other, so that a uniform strain or friction is always maintained on 
the rotating drum, the amount of the friction being reg^ulated by the amount of the pressure or 
weight adapted to the drum. 

It will now be understood that the brake is perfectly self-acting, and the friction thereof is 
always maintained uniform. Provision may be made for relieving the brake from pressure 
instantaneously when required by means of suitable gearing, whereby the weighted lever or levers 
is or are lifted up, and the friction straps or bands thereby loosened on the rotating drums. This 
may be effected by means of a hand-wheel, or by connecting the gearing with a drum or shaft to 
be actuated by the engine which works the paying-out gear. 

Fig. 1269 is a side elevation, and Fig. 1270 a plan view, of an apparatus for paying-out cables. 
The cable a enters the apparatus over a grooved guide-wheel or pulley 6, from whence it passes 
to one of the grooves of a four-grooved drum or pulley c, and after passing round this drum or 
pulley it is conducted round a similar grooved drum or pulley d, and so on, the cable being made 
to pass four times round the two-gr(k)ved drums c and' d, from which it is ultimately delivered 
over another pulley e, either directly into the water or through a dynamometer apparatus, 
whereby the tension or strain on the cable may be ascertained and indicated. On the axles or 
shafla A of each of the grooved drums c and d are two friction wheels or drums /, /, /*, /*, which 



A high speed is, besidm, fHvonrable to the regnlaiity of the experiment, as H. H<«in bM odb- 
nned at Bonchet. A imiform fricliori is necemar; for the maiDtenanoe of the equilibriom <rf 0» 



;ht, not to the point A itself, but to the end of * 
.1 rod A B, fastened to one of the jaws. It thus [~" 
, that if the iever begins to turn lound with (o 
t, the lever-arm of thu vcight P inere&aca im- g-^-— -' 
If, and the frietion ceasing to be preponderant, I — ~- 



lever during the rotator; motion of the shaft ; the lever aaaoiDea alWBfs a little oadUating m 
which ia of no consequence as lone as it keeps within strict limits ; bat if tbese oscillations beooma 
oonsiderable, an irr^olarity in the friotioa bas taken place, Euid the retarding power of the fric- 
tion oanDot nnder such circumstancea be measured. 

On aooount of the length of the lever, the weight at A, Fig. 1262, may of itself tighten tin 
screws: in order to remove this inconveiiienci', which eometimes produoiB false results, U. Pnooelet 
hoe proposed to make the two jaws of equal length, and to place the bolts near tlie polul A, 
Fig. 1265, The Sexibiltty of the wood pennita a gradual tigbteuing, which renders this arrangs- 
ment preferable to the ordinary one. 

To establish stable equilibrium, M, Poncelet applied '***■ 

the weight, not to the point A itself, but to the end of * 
a vertical rod A " " ' 
happens, that il 
the shaft, the I< 

mediately, and the friction ceasing to be preponden 
the apparatus returns to its equilibrium. 

If the shaft ts vertical, the weight cannot be applied 
directly to the end of the lever, but a oord fastened to 
it is made to pass horizontally in a perpendicular direc- 
tion over a fixed pulley. 

A plummet suspended before the end of the lever will show the position of the brake wtun 
equilibrium is established. 

M. Horin has extended the useful application «f the biake as a dynamometer, for he doa 
more than measure by it the work done for a given or required unitbrm velocity of a shaft. 

The extended application to which we allude may be thus described : — 

When the shaft turns round without meeting with any resistance, and after the supports of Ilia 
lever have been removed, a weight between 5 and 10 kilogrammes is placed at the end of lbs 
lever; the screws ore now tightened, till an equilibrium of the apparatus is established. Tha 
uniform velocity or speed of the shaft ia meesureil, and the units of work done are aaoertained. A 
new weight is again added to that already acting at the end of the leveij the screws are mads 
more tigut, until equilibrium is again established, and the uniform speed of the shaft and tbe 
work performed are determined. The weight at the end of the lever is gradually locreaBed, tnd 
the screws for the establishment of an equilibrium tightened, till the shaft stops or toms in an 
irregnlar manner. The work done, in each second, is thus obtained for a variety <j' uniform speeds, 
from the greatest to the leeat possible, A curve is drawn, the abscissa) of which represent tha 
velocitica, and the co-ordinates the corresponding values of the ratios between the work given by 
the brake and the work of the motor. This curve indicates the nature and power of the machine ; 
it gives the performed work corresponding to an average uniform speed of a shaft, and, beddei, it 
shows the nnifbrm speed which corresponds to the maximum effect. 

Fig. 12GG represents the results nf a series of experiments made with a turbine of the System 
Fontaine. The abscissie are proportional to the number of revolutions of the wheel a minute, aod 
the co-ordinates represent the corresponding values of the actual effects moltipliod by 100. It 
will be seen from the diagram that the maximum actual effect ia produced with about forty-firs 
nnifonn revolutions, and thai this mnTiTnnm ig about ' 60, that is to say, the maiiTnum actnal 
effect is 0-60 of the motive power. 




duce a uniform effect, do not draw a proper distinction between 
the action o( a toggle, and that of a system of compound levers. 
To place this matter in a clear light we have only toexplain the 
action of a simple toggle-joint, since the propertios of the lever 
are well known. 

Let AB = BC = 1M-0I in. be the arms of a toggle-joint. 
Fig 12C7 ; the point A ii fixed, but the rod A B moy be turned ronnd A as a centre. The ioititB 
R nnd O, am atan Irvue Kiit fi ia iuinatmir,<u4 tn n,n„a i- . given path. In the rightangled tnanele 
" - "■ ' in., then C D = D A = 148- WiD. 
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ttie kttM, and thereby relieve the vheeU trom the friction of the bande. At the nme time the 
weiehts or springB on the ends of the bell-cranit levers p, p. will draw the friction atrajM or banda 
g, g*, in the opposite direolion. thereby having a tendcncv to tiRbten them on the Mction-irheelfl 
/, /*. Theea two forces witlalwajshe acting in contrary directions, and any increase in the action 
of the one will be conntemcted by the other. In order to prevent any jar in the nuchinery by 
the weJKhtB at the end of the boll-cranh levers p, p, suddenly descending when the friction on the 
banda or stnipa g, g', altera, it is convenient to attach to the weights, which are made of a cylin- 
drical or other convenient fomi, a piston, which is made to work in a cylinder ;. This cylinder 
or (bsh-pot is sapplied with wbIct, and 
ns the piston is made pretty nearly to 
fit the internal diameter of the cylinder 
g, the water will to some extent mode- 
rate and regnlate the motion of the 
weights, and will prevent them from 
jumping np and down. II is conve- 
nient to canse the friction-wheels id 
rotate or work in water, as shown at 
Fig. 1270, for the purpose of keeping 
them cooL 

When a dynamometeT apparatus 
la employed in conjunction with the 
payiuK-ODt apparatus, for the purpose 
of indicating the changes that take 
place from time to time in the tension 
<d the cable, Appold employs an appa- 
ratus constnicted npon an improved 
plan, whereby weights are dispensed 
with, and springs employed in place 
thereof. The cable when delivered 
tnan the paying-out apparatus above 
described, passes from the delivery 
pulley under or over a movable pulley, 
which is monnted on a Mock that 
works np and down in vertical guides. 
This block is supported at a given 
altitude in the guides by means of 
coiled or other springs placed either 
above or below the pulley, which is 
made to beer against the cable, and 
•s the tension thereof varies, so the 
pnlley with its block is caused to rise 
or fitU in its guides, as is well under- 
stood in reference to ordinary dynamo- 
meters. This invention shows that 
John George Appold weui a man of 
considerable genius and profound me- 
chanical skill. 

The Prony dynamometer-firafe employed 
by J. B. Francis in making eipenmenta 
on hydranlio motors is shown in Figs. 1271, 
1272: Fig. 1271 is a sectional elevation, 
and Fig. 1272 is a sectional plan. The Crio- 
tioD-pulley A is of cast iron, 5'5 fL In 
diameter, 2 ft. wide on the face, and 8 in. 
thick. It is attached to the vertical shaft by 
the tpidtr B, the hub of which occupies the 
place on the shaft intended for the bevel- 
gear. The friction-pulley has i 
circumference six twjs C, C, ( 
to the six arms of the spider. The bolt- 
holes in the ends of the arms ore slightly 
elongated in the direction of the radius, for 
the purpose of allowing the friction-pidley 
to expand a little at it beomies heated, 
without throwing much strain upon the 
spider. When the spider and friction-pulley 
ate at the same temperature, the ends it 
the arms are in contact with the friction- 
pulley. The friction-pulley was made of 
neat thickness for two reasons. When 
Uie pulley is heated, the arms cease to 
be in contact with the interior oiibum- 
i of the pulley, conaeqnentlT they 




Me BQTToimded b; frlction-banda g, n, g*, •/*, provided with Begmental blncki of wood, which wbni 
the bands rts drawn tight are made t« press oQ the auiface of the wheels or dmina />/*i ood 
thereb; produce the necessary amoaiit of friction to act as a brake upoo the dnilas. Oa the enda 
of the sKafta A are mouDted the toothed wheels ■', i, Fij;. 1270, whicli are geared together b; the 
pinion i', nnd therefore rotate at the same speed. This toothed gearing, howeTer, is not required 
while the cnble ia beini; towered or submerged, and therefore It may be thrown out of gear dnriiir 
this operation, and will only bo required when the appantnB lb ueed to haul in the cable, at wtntU 
be required in case of accident to the cable. 





The enda of the straps or bands g, g*, are secured in any convenient manner to pins t, I. Fig. 
1269, fixed on the vibrating levers I', f, each of which paHsce through a hole made in the arma m. 
The holes in theae arms form the centres of motion of the levers /', I', and astheae centres of motion 
are on one side of the centre of the friction wheels/,/*, and bands ,9, <;*, it Foliows that by causing theia 
havers T, F, to move on their centres of motion, as indicated in Fig. I2G9, they will either tighten 
or loosen the friction-bands, according to the direction in which the levers are moved. Oti the 
upper aide of the bands are flied the blocks n, n, to which are attached the horiKintal rod* o, 0^ 
which are secured at one end to one of the bloeis n by an adjustahle attachment, as shown in Figa. 
1269, 1270, and thoy are jointed at their opposite enihi to the vibrating bell-crank levers p,^. 
These levers are supported in bearinga fixed on the framinj;, and to the longer end of each ia 
adapted a weight or weigiila, or a syatem of springs or other contrivances, whereby the levers may 
be depressed : and by the levers thus drawing forward tlia horizontaL rods o, 0, they will tend to 
tighten the friction-bands if, «•, round the friction-drums /, /•. It will now be understood that 
as the cable is being poyed-out, it (by passing round the grooved pulleys c ai(Q d) drsws the 
friction-wheels /, /, ronnd, and by the friction of the wheels / on the bonds ^, g^, t«ids to opw> 



la experiments nombered from SI to 84, inclusiTe, miler alooe was tued. 

In eiperimenta 85 and 86, Teein-oll and a small Btream of water were lued. 

Id experiment 87, reBin-oil alone vas used. 

In experiments 90 and 91, water alone was nacd. 

Id experiment 92. resiQ-oil and a email Hlreani of water were uaed. 

A gpecial apparatus was provided to indicnte the direction La which the wat«r left the wheel. 
For this purposo the vane F, Figs. 1271, 1275, 1276, was placed oeSir the circumference of the 
wheel, and was keyed on to the vertical Bhaft Q, 
which turned freely on a etep resting on the wheel- "''■ 

Eit floor. Tho upper en<l of the sluft c&rried the 
kni R. Fig. 1271, and directly under the hand was 
placed the graduated semicircle 8, divided into 180°. 
When the vane was parallel to a tangent to the cir- 
cmnferenco of the wheel, drawn through the point 
noirest to the axis of tlie vane, and the vane was in 
the direction of the motion of the wheel, the band 
pointed at 0°, and, consequently, when the vane was 
in the direction of the radins of the wheel, the hand 
pointed at 90°. To prevent sudden vibrations of the 
VHDe, a modification of the hydntt^ic re/pilaior was 
attached to tho lower part of the vane-shaft. This 
apparatuB is represented in detail by Fies. 1275, 1277. 

The quantity of water discharged by the wheel 
ma gaufled at a weir erected for the purpose at the 
mouth of the wheel-pit. 

As the water issued from the orifices Of the turbine 
with Donaiderable force, particularly when the velocity 
of the wheel was much quicker or slower thau that 
ooiTCSponding to the maiimum cnefRcieut of effect, 
there were often such violent commolions in the wheel 
pit, thai, nnless some mode was adopter! to diminish 
them before the water reached the weir, or even the jjj 

place where the depths on the weir were measured, lit 

it would have been impossible to make a sahsfaclory T]r 

gange of the water. For this purpose a grating was Ul 

placed acroBB the wheel-pit. This grating presented i& 

nnmerous apertores, nearly uniformly distributed o\er ([j| 

its entire area, through which the water must pass r^^lr — — 
In the experiments with a full gate, tho faU from the 
upper to the lower side of the gratinf; was generally 
man 3 to 4 in. The oombined effect of this fall and ol the 
Domeroua small apertures w&b to obliterate almost entirely the 
whirls and commotions of the water above the gratiug. About 
1-S ft. in length of the grating was bo nearly closed that but 
little water passed through that part of the grating ; this made 
it very quiet in the vicinity of the gauge-box. 

The weir oooBisted of two bays of nearly equal length : the 
crest of the weir was almost exactly horizontal, and the extreme 
variation did not exceed 0-01 in. The crest of the weir was of 
eaal iron, planed on the upper edge, and also on the upstream 
hue, to a point 1 - 125 in. Iwlow the top : below this there was a 
■mall bovel, also planed, the slope of which, on an average, was 
.^ in. in a height of f in. ; the remainder of the casting was 
Dnplaned. The crest of the weir wan j in. thick, and was hori- 
lontal. The upstream edge was a sharp corner. The cods of 
the weir were of wood, and of the same form as tiie crest, 
except that there was no bevelled part. The crest of the weir 
wu aboDt 6'5 ft. above the Qoor of the wheel-pit. The ends 
of the weir projected from the walls of the wheel-pit, and also 
from the central pier, a mean distance of 1 ' 235 ft. The length 
of one bay was 8-489 ft., and of the other 8-491 ft., making the total length of the weir 1698 ft. 

The depth of the water on the weir was taken in a gauge-box by means of the hook-gai^e L, 
which is represented in detail in Figs. 1278 to 1280. 

The hook-gauge is the invention of Boyden, and is an inBtruinent of inestimable value in 
hydraulic experiments. In 'Versuche uber den ausfluss des wassers durch achicber, bithna, 
Uappen nnd ventile,' by Julius Weisbach, Leipzig, 1H42, page 1, ia described an instrument for 
observing heights of water, having a slight resemblance to the hook-gauge ; it was. however, used 
by Bovden in a more perfect form several years previous to the publication of that work. All 
oUiei known methods of measuring the heights of the surface of still water are seriously incom- 
moded by the effects of capillary attraction ; this inEtmment, on the contrary, owes its extra- 
ordinary preciuoD to that phenomenon. The point of the hook A, Fig. 1279, it represented as 
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1273. 




1274. 



increases more regularity in the motion, operating, in fact, as a fly-wheel, in equalizing small 
inregolarities. 

The brakes E and F are of maple wood ; the two parts are drawn together by the wrougLt- 
iron bolts 6 6, which are 2 in. square. 

The bell-crank F' carries at one end the scale I, and at the other the piston of the hydrmtOc 
BEOULATOR K ; this end carries also the pointer L, which indicates the level of the horizontal ann. 
The vertical arm is connected with the brake F by the link M, Fig. 1273. 

The hydraulic regulator K, Figs. 1271, 1272, and 1274, is a very important addition to the 
Prony dynamometer-bruke, first suggested by Boyden in 1844. Its office is to control and modifj 
the violent shocks and irregularities which usually 
occur in the action of this valuable instrument, and 
are the cause of some uncertainty in its indications. 

The hydraulic regulator used in these experiments 
consisted of the cast-iron cylinder K, about 1*5 ft. in 
diameter, with a bottom of plank, which was strongly 
bolted to the capping-stone of the wheel-pit, as repre- 
sented in Fig. 1271. In this cylinder moves the piston 
N, formed of plate iron 0*5 in. thick, which is con- 
nected with the horizontal arm of the bell-crank by 
the piston-rod O. The circumference of the piston is 
rounded off, and its diameter is about ^ in. less than 
the diameter of the interior of the cylinder. The 
action of the hydraulic regulator is as follows : — The 
cylinder should be nearly filled with water, or other heavy 
inelastic fluid. In case of any irregularity in the foree of 
the wheel, or in the friction of the brake, the tendency will 
be either to raise or lower the weight ; in either case the 
weight cannot move, except with a corresponding movement 
of the piston. In consequence of the inelasticity of the 
fluid, the piston can move only by the displacement of a 
portion of the fluid, which must evidently pass between the 
edge of the piston and the cylinder ; and the area of this 
space being very small, compared to the area of the piston, 
the motion of the latter must be slow ; giving time to alter 
the tension of the brake-screws before the piston has moved 
far. It is plain that this arrangement must arrest all vio- 
lent Shocks ; but, however violent and irregular they may 
be, it is evident that, if the mean force of them is greater 
in one direction than in the other, the piston must move in 
the direction of the preponderating force, the resistance to 
a slow movement being very slight. A small portion of 
the useful effect of the terbine must be expended in this 
instrument ; probably leas, however, than in the rude shocks 
the brake would be subject to without its use. 

For the purpose of ascertaining the velocity of the wheel, 
a counter was attached to the top of the vertical shaft, so 
arranged that a bell was struck at the end of every fifty revolutions of the wheeL 

To lubricate the friction-puUey, and at the same time to keep it cool, water was let on to its 
surface in four jets, two of which are shown in Fig. 1272. These jets were supplied from a large 
cistern, in the attic of the neighbouring building, kept full by force-pumps. The quantity of 
water discharged by the four jets was, by a mean of two trials, 0*0288 cubic ft. a secona. 

In many of the experiments with heavy weights, and consequently slow velocities, oil was used 
to lubricate the brake, the water, daring the experiment, being shut off. It was found that, with 
a small Quantity of oil, the friction between the brake and the pulley was much greater than when 
the usual quantity of water is applied ; consequently, the requisite tension of the brake-screws was 
much less with the oil, as a lubricator, than with water. This may not be the whole cause of the 
phenomenon ; but, whatever it may be, the ease of regulating in slow velocities is incomparably 
greater with oil, as a lubricator, than with water applied in a quantity sufficient to keep the pulley 
cool. The oil was allowed to flow on in two fine cx)ntinuou8 streams ; it did not, however, prevent 
the pulley from becoming heated sufficiently to decompose the oil, after running some time, which 
was distinctly indicated by the smoke and peculiar odour. When these indications became very 
apparent, the experiment was stopped, and water let on by the jets, until the pulley was cooled. 
As the pulley b^me heated, the brake-screws required to be gradually slackened. 

In the experiments, in Table II. (see Tcbbine Water-wheel), the lubricating fluid was as 
follows : — 

In the first twenty-six experiments, water alone was used. 

In the four experiments numbered from 27 to 30, three gallons of linseed-oil were used. 

In all the experiments requiring a lubricator, and numbered from 31 to 48, inclusive, linseed- 
oil was used. 

In experiments 49 and 50, resin-oil was used. 

In experiments numbered from 51 to 60, inclusive, water alone was used. 

In experiment 61, resin-oil was used. 

In experiment 62, resin-oil and a small stream of water were used ; — in the latter part of the 
experiment, a good deal of steam was generated by the heat of the friction-pulley. 

In experiment 63, resin-oil alone was used. 
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Wdoht ih the Soale. 



4)>4a'added 

Weight for the next experiment 



IbiL OS. 

1498 lOi 

26 Oi 

1524 10} 



Speed of the Wheel. 



Times at which the 
BeUttrack. 


DiffBRDOes. 


Ttanet at which the 
BeU ■truck. 


DiffBrenoML 


TlmeB at which the 
BeUstrock. 


Diflieraioea. 


hn. mill, tea 
4 55 58-00 

56 56*50 

57 55-25 

58 54*25 

59 5300 


■ea 

58*50 
58-75 
59*00 
58*75 


hrs. min. aea 
5 5200 

1 50*75 

2 49-50 
8 48-00 


■ec 
59-00 
58*75 
58*75 
58-50 


hre. min. aec 
5 4 47*00 

5 45*50 

6 44-25 

7 43*00 


■ec 

59*00 
68*50 
58*75 
58*75 



The bell sfernck once in every fifty reTolntions of the wheel. 





Elevation of the Pointeb ok the Bell-Crakk. 




ThnA. 


Hdght of 


TlflML 


Height of 


Time. 


Height of 




Pdnter, in Feet 


XUUCm 


Fohiter»inFeet 


Fotaiter, in Feet 


hm min. sea 




hn. min. eec 




hra. min. eec 




4 55 


0-19 


4 59 30 


0-20 


5 4 


0-17 


80 


013 


5 


0*18 


30 


018 


56 


013 


80 


019 


5 


0*24 


80 


014 


1 


0*21 


80 


0-18 


57 


015 


30 


0*17 


6 


019 


80 


0-19 


2 


0-20 


30 


019 


58 


0-20 


30 


019 


7 


0-16 


80 


0-19 


8 


019 


30 


0-14 


59 


0*21 


30 


019 







The extremitv of the pointer was 6-5 ft. from the falcrom of the bell-crank. When the 
horizontal arms of the bell-crank were level, the height of the pointer was 0*20 ft. 





Heto] 


IT OF THE Water above the ' 


WhrkIi. 




Thne. 


Height in Feet 


Time. 


Height in Feet 


Time. 


Height in Feet 


fan. min. eec 




hra. min. fee 




hrs. min. sec. 




4 55 


15*100 


4 59 30 


15*110 


5 4 


15* 120 


30 


15-100 


5 


15*115 


30 


15 120 


56 


15-100 


80 


15-120 


5 


15-120 


30 


15-100 


1 


15*120 


30 


15115 


57 


15-110 


30 


15-110 


6 


15115 


30 


15115 


2 


15 105 


30 


15-110 


58 


15-110 


30 


15-100 


7 


15*110 


30 


15*100 


3 


15115 


80 


15-110 


59 


15-105 


30 


15 125 







The top of the weir is the zero-point of the gauge in the fore-bay. 
Height of the Water after passino the Wheel. 



Tbne. 


Height in Feet 


Time. 


Height in Feet 


Time. 


Height in Feet 


hra. min. eec 




hre. mtn. sec 




hre. min. sec 




4 56 


2-20 


5 


2*21 


5 4 


2-22 


30 


2*21 


80 


2*21 


30 


2*21 


57 


2*21 


1 


2*21 


5 


2-21 


80 


2-21 


30 


2*21 


30 


2*21 


58 


2-21 


2 


2-21 


6 


2*21 


80 


2-21 


30 


2-21 


30 


2*20 


59 


2-20 


3 


2-20 


7 


2-22 


80 


2-21 


30 


2*20 


30 


2-20 



The iofpofihe weir is the zero-point of the gauge in the wheel-pit. 
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By the method adopted a regular record ia made of the at 
tmnd at Tcrjr short intervalB, rumiBhine t1 
IT any reqnired period, and rIbo the j 



eof 



^ the data for a mean 
LB of detecting, 
lO most casea, the causeB of apparent discrepanciea. It Eilao > 

lelievDB the elperimeDter from tlie distraction of having nnme- [1 

roDB exact obseirattona to make in a very short time, and leaves '^ 

him much more at liberty to eierciso a vigilant watch over the 
general ooune of the eiporimeot. 

As it may be useful to experimenters not accnrtomed to 
tlm mode of observing, and at Uie same time afford the reader 
some meaoB of judging of the accuracy of the remlti ob- 
tained in these experiments, the fotloning eitnkcts are given 
from the original note-books. The extracts inclnde the data 
observed for experiment numbered 30 in Table II. (see TnaBinH 
Watkb-whebl). This ezperimeDt is selected simply because it gave the 



coinciding with the mrfaoB of the vniter. If the point of the hook should be a yerj little than 
the surface, the water in the immediate vicinity of the hook would, by capillary attraction, be 
elevated with it, causing a distortion in the reflection of the jj^g, mi 

light from the surface of the water. The most convenient 
method of observing with this instrument is, flrst, to lower 
the point of the hook, by means of the screw, to a little 
distance below the surface ; then to raise it again slowly, by 
the same means, until the distortion of the reflection be^na to 
show itself; then to make a slight movement of the screw in 
the opposite direction, so as just to cause the distortion to dis- 
appear : the point will then be almost exactly at the level of 
the surface. 

With no pwticolw amiDgementa for directing light on the 
surface, differenoes in height of 0-001 ft. are very distinct 

Jaanlilice; but by special arrangementa fbr light and vision, 
ifferencesof O-OOOI ft. might be easily appreciated. 

As this instrument cannot be efficiently used in a cnrrent, it 
vras placed in a box in which the oominunication with the ex- 
terior was maintained by a hole, when, by partially ohstmcting 
this communication, the extent of the oscillations oould be 
diminished at will. 

For very exact observations it is essential that the snrhce 
of the water should be at rest. It however, it should oscillate 
a little, a good mean may be obtained bv adjusting the point 
of the hook to a height at which it will be visible above the 
mrface of the water only half the time. 

The movable rod to which the hook was attached was of 
copper, and graduated to hundredths of feet, but by means of 
the vfmier thousandths were measured, and in some cases ten 
thODsaudths were estimated. In later and more perfect forms 
of this instrument, the point of the hook is immediately under 
the graduation. 

The heishts of the water in the forc-ba^ and to the wheel- 
pit were taken by means of gaugea, placed in the gauge-boxes. 
Both gauges were gradoated to feet and hundredths, and both 
had the same zero-point, namely, the level of the crest of the 
weir, BO that the difference in Uie readings at the two gauges 
' gave at once the fail acting upon the wheel ; and the difference 
between the depths of the water on the weir, as observed at the 
hook-gauge, and the reading at the gauge, gave the fall at the 
grating. 

The heights of the regnlating-gate were taken at the rack. 
The weights used for measuring the useful effect were pieces of 
pig-iron of various sizes, each of which had been diBtiiwtly 
marked with its weight. 

Modt of Conducting the Exptrimenti. — A separate observer 
was appomtcd to note each class of data ; the time of each 
observation was also noted, which gave the means of identifying 
fsimultaneons observations. To aooomptish this, each observer 
was furnished with a watch having a second-hand ; the watch 
by which the speed of the wheel was observed was taken 
as the standard ; aU the otherB were frequently compared with 
it, and when the variations exceeded ten or fifteen seconds 
they were either adjusted to the standard, or the difference 

This mode of observinr must, evidently, lettd to more precise 
lesnlts than that in which a single observer, however skilful, 
undertakes to note all the phenomena, or even several of them. 




BBAEE. 



625 



Wdoht ih the Soalb. 



4)>48' added 



Weight far the next experiment 



IbiL OS. 

1498 lOi 

26 0} 

1524 10} 



Speed of the Wheel. 



iBMaiwbklithe 
BeUitniGk. 


THSenofOtB. 


Tlm« at whioh the 
BeUitrock. 


DiffBTenoML 


TlmeB at which the 
BeUstrock. 


Diflieraioea. 


m. mtaL Ma 
4 55 58*00 

56 56*50 

57 55*25 

58 54*25 
69 5300 


Ma 

58*50 
58*75 
59*00 
58*75 


hiB. min. Ma 
5 52*00 

1 50*75 

2 49*50 
8 48*00 


■ec. 
59*00 
58*75 
58*75 
58*50 


hiB. min. aeo. 
5 4 4700 

5 45*50 

6 44*25 

7 43*00 


H6C. 

5900 
58*50 
58*75 
58*75 



The bell stmok once in every fifty revolutions of the wheel. 





Elevation of the Pointeb ok the Bell-Grakk. 




TfaM. 


Helf^t of 


TlflML 


Helf^tor 


Tinwi 


Height of 


PotaHer, in Feet 


XUUCm 


Pofaiter»inFeet. 


XUIIC* 


Fotaiter, in Feet 


bnL min. lec* 




hn, min. sea 




hra. min. sea 




4 55 


0-19 


4 59 80 


0*20 


5 4 


0*17 


80 


0-13 


5 


0*18 


30 


0*18 


56 


0*13 


80 


0*19 


5 


0-24 


30 


0*14 


1 


0*21 


30 


0*18 


57 


0-15 


30 


0*17 


6 


019 


30 


0*19 


2 


0-20 


30 


0*19 


58 


0*20 


30 


0*19 


7 


0-16 


30 


0*19 


3 


0*19 


30 


0-14 


59 


0*21 


30 


0*19 







rhe extremitv of the pointer was 6*5 ft. from the fulcmm of the bell-crank. When the 
horixootal arms of the bell-crank were level, the height of the pointer was 0*20 ft. 





Height of the Water above the Wheel. 




Ttane. 


Height, in Feet 


Time. 


Height in Feet. 


Time. 


Height in Feet 


hn. min. aec. 




hra. min. fee. 




hra. min. sec 




4 55 


15*100 


4 59 30 


15*110 


5 4 


15* 120 


30 


15*100 


5 


15*115 


30 


15*120 


56 


15 100 


30 


15*120 


5 


15*120 


30 


15 100 


1 


15*120 


30 


15115 


57 


15*110 


30 


15*110 


6 


15115 


30 


15*115 


2 


15* 105 


30 


15*110 


58 


15*110 


30 


15*100 


7 


15*110 


30 


15*100 


3 


15*115 


80 


15*110 


59 


15*105 


30 


15*125 







The top of the weir is the zero-point of the gauge in the fore-bay. 



Height of the Water after passing the Wheel. 



Ttane. 


Height in Feet 


Time. 


Hrigfat in Feet 


Time. 


Height in Feet 


tam min. wtc 




hra. min. sea 


1 


hra. min. sec. 




4 56 


2*20 


5 


2-21 


5 4 


2*22 


30 


2*21 


30 


2*21 


30 


2*21 


57 


2*21 


1 


2-21 


5 


2*21 


30 


2*21 


30 


2*21 


30 


2*21 


58 


2*21 


2 


2*21 


6 


2-21 


30 


2*21 


30 


2*21 


30 


2*20 


59 


2*20 


3 


2*20 


7 


2*22 


30 


2*21 


30 


2*20 


30 


2*20 



The top of the weir is the zero-point of the gauge in the wheel-pit. 
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f machinery. Ooe kind eBpecially adapted for apiimiiig-fraBies, loonu, Ac; 

. ated bv belt to a Ittie of sluftiiii;;, or any kiDd of machine. And one espeeiatlf 

Bdnnted fnr teatbg tuibme water-nheels, to wMch it la eauly applied, with bat cunpantive 



testing nil kinds D 

another to be csmneoted b^ belt to a lino of BtiaftmB, o 

■mall expense. 




John F. Oilman's Ump-Braie haa an adjnatable enws-mil I, Pig. 1282, secured to two inolined 
arnu J arranged in front of the revolving ItoateFB D in such a manner as to admit of the ctou-rail 
being adjusted higher or lower when the hemp is passed over it on its passage to the beatert ; tha 
beftteis lieing operated by mean« of the cog-wheel C. 
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dMired. The beaten, provided with openinggCkniveaaDd eattera :/, a,Dd caws e, AKopemted by 

meana of pins a placed in one or more spiral rows an a cylinder A in oouneatioD with the slotted 

bed B, and a suitable gpiini; or springs, all arranged 

K> that the beaters will work coDsecntively in paira liM. 

and perform the operations of brahiug, scutching and 

feeding simultaueoasly. The knivee a and saws e are 

attached to a few only of the beaters on the discharge 

aide of the machine to cut the flax or hemp, and also 

to aeparata the Gbre from the woody portion, and 

divide it into finer threads. 

Fig. 12S5iihowBJ. Bryant's Hemp and Flai Brake. 
A is tite frame, B the bed, and H the treadle. The 
beater C ia operated in mtch a manner that in the 
event of its boins impeded by tough hemp or flax, it 
may yield, and thus avoid undue strainiag. To this 
end the rod E, wbicb connects this water with 
vorking-beam F, is pivoted at its upper end to a 
Bg bar h', which has a limited range of motion i 

gTot wbicn securee it to the beam. A strong spring 
upon the top of the beam bears constantly on the 
tlg-iag bar to hold it qoile rigidly, but yet allow it - 
and the beater to yield slightly when nec^san. 

Beferring back to Fig. 1268, let E D be a dram, O its axis, and let the direction of rotation of 
the drum be in the direction of the arrow <J. Let p and q represent the tensions of the two ends 
<^ the itrap A and B, respectively. The tension p exceeds the tension 7 by an amount equal to 
the friction between the strap B D E A and the dram D & If c be put for the length of the aro 
of the flexible brake which embraces a neater or a lees ato of the drum or pulley, then putting r 
br the tadiua of the circle D E, and /for the ratio of the friction to the preeeure, we nave the 
equation /. 

,=,.-■ ra 

To aolve equation [11 for any of the quantities p,q,r.f,c, in a direct and simple manner has 
dafled the skill of matnematicians who, with much lalKini and uncertainty, obtained results, 
fioni [1], by tables, two systems of logarithms, cumbersome series, and empirical formulas. How- 
ever, equabon [1] is readily solved, in a simple and direct manner without the use of tables, by dual 
arithmetia, a new art, invented by Olivet Byrne, the compiler and editor of this Dictionary. 

Frran [I] we have i, (■^\ = (100000000, fiv.-: [2]. Since 100000000, = the dual 

kigarithmofi = 2'TlB2BI8^. 

!■_ . T -i. _ on .-_ .1 — J- r ^ drum; the coefficient of Motion / = "473; c = 48 in., 




■t radios ol 
« of contact ; the ratio of 



ir the valne of — Is required. 



47300000, > 



the length of the 1 

Frran [Z] the dual logarithm of -^ = '"'"^ "'-^^-^ = S1533333, which may be reduced to 
a dual number and the corresponding ordinary munber found in a few minutes without extraneous 
aids. 81533333, = 8,2,9, 5, 0,6,6,3,1, = i, (1 '3707161). Hence the ratio-^ = 1 '3707161 
exactly ; that is, if the tension p = 411 lbs., < 



= 10 in 



From [1] we have 1; 



(i)^ 



= (c) ; [3]. In this example 



tart, aatx \, (2) = 69314718, (c) = 



< 10 



= 36*10144 in., the required an of contact. 



BTne*i'Oei)etal Method of Bolving Equations of all Degreesi' 'The Young Dual Arithmetician;' 
*I>nal Arithmetic, aKew Art;' ' Dual Logarithmic Tables.' 

8ee AOBICULTURAL IKFLXIIEIITS. BeLTS. DvNAMOHETBR. FBICTIOH. GEASraa. GOTEBNOB, 

BBANDESma. Fa., Bnitir la Kliva da toligei; Geb., BtKhalm; Ital., Listellon un 

Bnaidtring is the Covering of the nnder-aide of joists with battens about 1 in. square in the 
■ection, and 12 to 14 in. apart, to nail the laths to, m order to secure a better key for the plaster 
of a ceiling. 

BBAy-SEPABATOS. Fa., Dodinage; Geb., Klei Sitber; Ital., FrvOontj Sfut., Cedaxomati 

See Bash Maohikebt, p. 228, Figs. 544, 549. 

BBASS. Fa., Zui'ton, cuivn jaunt ; Geb., Mming ; Ital. OHoM ; BPAN.. Atif/ar, laUm. 

Bee Allots, Amtdiohs, Bisuctb, Cofpbb, Lead, Tin, Zuto. Alvmikil'k, ABmnc, 

HAXaAHESE. 

BRA2INa COPPEB. Fa., Soadun de tai'ton ; Oeb., Hartathen ; Ital., Saldan il ramr. 

See Tnr and Goppkb Plate Wobxinq, 

BBAZDIG SOLDEB8. Fb., Beudura; Gn., LeUiailtd; Ital., SiJdattira forU; Bpak, BU- 



680 BBEAD MACHINE. 

BREAD MACHINE. Fb., Machine de boukmgerie; Ger., Bachnaschine ; Ital^ Maochina da 
far a pane ; Span., Mdquina paria fabricar el pan. 

Bread and Bisoxht Machinebt. 

The process of bread-making is closely connected wiih that of fermentation. Wheaten flour 
consists, essentially, of starch and gluten, combined with a small portion of dextrine and sugar. 
The tenacity of hread-dough is due to the gluten present in the flour ; the dough being prodiioed 
by simply mixing the flour with a little water. 

If bread-dough be tied up in a piece of fine muslin, and kneaded under a stream of water, the 
starch will be suspended in the water, having passed through the muslin ; the gluten remains as 
a tough elastic mass, which soon putrefies if exposed to the air in a moist state, and dries up to 
a brittle homy mass at the temperature of 212° Fahr. Gluten ifl a compound substance, and is 
found to contain carbon, hydrogen, nitrogen, and oxygen, in the proportions, nearly, of 24, 20, 3, 
and 7 respectively. 

When gluten is boiled in alcohol, a portion of it refuses to dissolve ; this portion is termed vegetdbie 
fibrine. When this dissolved matter and alcohol are allowed to cool, a white flooculent substance, 
similar to the caseine which composes the curd of milk, is deposited. On adding water to this cold 
solution, the glutine is separated, which resembles the albumen found in considerable quantities in 
the blood. Although gluten presents three substances similar to the three principal components 
of the animal body, yet gluten separated from the flour by the process just described would be 
foimd very difficult to digest, on account of its resistance to the solvent action of the fluids in the 
stomach ; for it is well inovm that bread-doughy composed of flour and water, even when baked, 
is indigestible. In order to render bread-dough fit for food, it must be rendered spongy, that 
is, porous, so as to expose a larger surface to the action of the digesting fluids ; the most direct 
method of efiecting this is the one adopted in the manufacture of aSrated-bready which consists in 
mixing the flour with water that is highly charged, under pressure, with carbonic aoid gas ; the 
mixing by this method is effected in a closed iron vessel, an aperture in the lower part of which 
is opened, then the pressure of the accumulated gas forces the dough out of the strong iron vessel 
into the air; the gas which has been confined in the dough expands and gives porosity and 
sponginess to the dough. 

Another process for preparing unfermented bread consists in mixing the flour with a little 
bi-carbonate of soda ; this mixture is then made into dough with water acidulated with hydro- 
chloric aoid ; the bread is thus rendered porous. The chloride of sodium, formed at the same time, 
remains in the bread. In the making of cakes and pastry, the same object is attained by adding 
carbonate of ammonia to the dough. When baMng, the salt is converted into vapour which 
distends the dough. 

The tenacity of' gluten, even in wheaten flour, is liable to variation; and in order to obtain 
good bread from a flour the gluten of which is inferior in this respect, it is customary to employ 
a small quantity of alum. This addition being considered unwholesome, it would be better to 
substitute lime-water, which has been found by Liebig to have a similar efiect. Sulphate of 
copper improves in a very striking manner the quality of the bread prepared from inferior flour, 
but this salt is far more dEingerous than alum. 

Wheaten flour is particularly well fitted for the preparation of bread on account of the great 
tenacity of its gluten. Next to wheat, with respect to glutinous capacity, stands rye ; whilst 
the other cereals contain a gluten so deficient in tenacity that they cannot be converted into 
good bread. 

In the ordinary process of bread-making, the carbonic acid that confers sponginess upon the 
dough is evolved by the ferm^itation of the sugar contained in the flour ; the flour having been 
kneaded with the proper proportion, usually about half its weight, of water, a little yeast and salt 
are added, and the mixture is allowed to stand at a temperature of about 70° Fahr. for some 
hours. The dough swells or rises considerably, in consequence of the escape of carbonic add, the 
sugar being decomposed into that gas and alcohol, as in ordinary fermentation. The spongy 
dough is then baked in an oven, heated to about 500° Fahr., when a portion of the water and all 
the alcohol are expelled, the carbonic acid being, at the same time, much expanded by the heat, 
and the porosity of the bread increased. The granules of starch are much altered by the 
heat, and become more digestible. Although the temperature of the inside of a loaf does not 
exceed 212° Fahr., the outer portion becomes dry and hfurd, the hottest part being soorohed into 
crust. 

Instead of yeast, leaven is often employed, in order to ferment the sugar : leaven is a name 
given to dough which has been left in a warm place until decomposition has commenced. 

The passage of new into stale bread does not depend, as was formerly supposed, upon the 
drying of the oread consequent upon its exposure to air, but is a true molecular transformation 
wnich takes place equally well in an air-tight vessel, and without an^ loss of weight. It is well 
known that when a thick slice of stale bread is toasted, which dries it stiU further, the crumb again 
becomes soft and spongy as in new bread ; and if a stale loaf be placed in an oven, it is reoonverted 
into bread resemblmg new. 

With William Watson's bread-making apparatus. Figs. 1286 to 1292, the entire operation, from 
the mixing of the flour and the other ingredients to the final deposit of the dough in the oven for 
baking, is performed by machinery. 

The mixer consists of a horizontal cylinder, with flanges at each end, and a door at the upper 
part, throughout its length, for introducing the matermls, and through which the agitator or 
stirrer of the mixer may be removed. The cylinder is supported on suitable feet, and at one end 
is enclosed for about a third of its diameter by a fixed plate, which descends below the flange, 
and forms the base or foot at that end ; the upper two-thirds of the cylinder end is closed hj a 
sluice-door, which can be raised as required to form an opening for the exit of the dough. The 
other end of the cylinder is fitted with a piston, which forms a close end for the cylinder during 
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daabod. The bMten, prntTlded with openings CknirMftodentton^ uidnwic, ueopented br 

tneuu of pina a pUoed in one or more spiral loira on ft cjrliudei A in oo&DectioQ with the slotted 

bed B, uul & soitabla spring or spriogs, all UTanf{«d 

ao tlut the betters will work oonseoutiTely in pairs 

mud perform the operations of braking, scutching and 

fbedutg limnltaneoaslf . The knives d and saws e are 

•ittMhed to a few onlj of the beaters on the discbarge 

rid* of the machine to cut the flax or hemp, and also 

to Mpuate the fibre from the woody portion, and 

divide it into Oner threads. 

FiK. 128S shows J. Bryanf s Hemp and Flax Brake. 
A U otB &BtD^ B the bed, and H the treadle. The 
I is opemted in such a maiiDer that in the 

_. _■._ i^- — , J.J L^ 'Dogh hemp or flax, it 

e straining. To this 
8 this water with the 
■oAing-beam ^, is pivoted at its upper end to a dg- i 
ng bar h' whioh iiu a limited range of motion on a ^ 

erot wbich seourea it to the beam. A strong spring 
upon the top of the beam bean constantly on the 
g bar to nold it quite rigidlj, but yet allow it - 



Mater is opemted in such a mi 
wml of its being impeded b; tongt 
MBT Tield, and Ihns avoid ondue at 
tud the rod E, which oonneotB thi 
■oAing-beam F, is pivoted at its U| 




tha dmm be in tlie direction of the 

€f the strap A and B, respoctivelv. Tl 

Am Moti<» between Uie strap B D E A 



arum, its aiia, and let the direction of rotation of 
Let p and q represent the tensions of the two end* 
naion p exceeds the tension g b; an amount eqnal to 
and the drum D E. If c be pnt for the leiwth of the ai 



p = J. 



TokIta 
Ukd the a 



i eqnatiai [11 for any of the quantities p, g, r,/, e. In a diieet and simple 
akul of mattiemeticianB who, with much labour and nncertaintj, obtah 



ton [1], bf tables, two ^atems of logarithms, oomben 

nar, equation [1] is readilj solved, in a aimple and din. .._ ... , , 

wUAmetia, a new art, invented by Oliver Byrne, the compiler and editor of this Dictionary. 

Frwn [1] we have J, ( -?-^ = (lOOOOOOOO, /) x - ; [2]. Since 100000000, = the dual 



S183. 



! -473; . 



= 46 il 



the length of the ara of contact ; the ratio of p to g or the value of — is required. 
47300000, > 



From [S] the dual logarithm of — = - 



- = 31533333, which may be reduced to 



a dual nnmber and the corresponding ordinary number found in a few minutes without extraneous 
aid*. 81583333, =3,2,9,5,0,6,6,3,1, = i, C13707161). Henoo the ratio -^ = 1 -3707161 

axsotly; thatia, if Ihetenaioap ^4111b8., ; :^ SOOIbe. 

r._ D D — I— J .L. ■ — .1. _. .L of ooQtecl c, without the use of tables, when r = 10 in,; 

q ; and the coefficient of friction / = * 384. 

i]. In this example — := 4, there. 



Rom [1] we have i. (-?-) x tiaqo^gOO)/ 
^ aisoe ;, (S) = G9314718, (c) 



= 36-10144 in., the required are of contact. 



jj ia the oorering of the under-side of joiala with battens about 1 in. square in the 

•action, and 12 to 14 in. apart, to nail the laths to, in order to secure a better key for the plaster 
^a«eiUnK. 

BRAN-SEPABATOB, Pa., Hodimgt; Geh^ KIti SiOeri Ital, FruOone; Span, CedoMo mug 



B, Pigs. 544, 545. 

iaunr ; Qer., MtssiHg ; lru^^Otilme ; SpAH.^ Attfar, latm. 

SlSHrTH, COFFEB, LXAS, TlN, ZlliC. ALtrMISlUIl, AEBDIIC, 



See Banr Hachikkht, p. I'l 
BBA68. Fb., Zat'ton, men 
See Allots, Astuioht, 
MaveurESB. 

BBAZING COPPEB. Fr., Soudan de laiton ; Oxs,, fiortVCAfn ; ItAL,, Sa^dcat a none. 

Bee Tim axd Coppib Piatk Wobkiso. 

BBAZINQ 80LDEBS. Pb., iSoudurti; Geb, LBOmitta; Ital., S<iMaUHV forlt, Span, EO- 



680 BBEAD MACHINE. 

BREAD MACHINE. Fb., Machine de boukmgerie; Geb., Backnuuchine ; Itai^ Maockima da 
far ii pane; Span., Mdquina paria fabricar el pan. 

Bread akd Biscuit Machinebt. 

The process of bread-making is closely connected with that of fermentation. Wheaien flonr 
consists, essentially, of starch and gluten, combined with a small portion of dextrine and sugar. 
The tenacity of bread-dough is due to the gluten present in the floor ; the dough being prodooed 
by simply mixing the flour with a little water. 

If bread-dough be tied up in a piece of fine mnslin, and kneaded under a stream of water, the 
starch will be suspended in the water, having passed through the muslin ; the gluten remainB ai 
a tough elastic mass, which soon putrefies if exposed to the air in a moist state, and dries op to 
a brittle homy mass at the temperature of 212° Fahr. Gluten is a compound substance, and is 
found to contain carbon, hydrogen, nitrogen, and oxygen, in the proportions, nearly, of 24, 20, 3^ 
and 7 respectively. 

When gluten is boiled in alcohol, a portion of it refuses to dissolve ; this portion is termed vegetahk 
fbrine. When this dissolved matter and alcohol are allowed to cool, a white flooculent sabstanoe, 
similar to the caseine which composes the curd of milk, is deposited. On adding water to this cold 
solution, the glutine is separated, which resembles the albumen found in considerable quantities in 
the blood. Although gluten presents three substances similar to the three principal oompanenti 
of the animal body, yet gluten separated from the flour by the process just described would be 
found very difficult to digest, on account of its resistance to the solvent action of the fluids in the 
stomach ; for it is well known that bread-dough, composed of flour and water, even when baked, 
is indigestible. In order to render bread-dough flt for food, it must be rendered spongy, tint 
is, porous, so as to expose a larger surface to the action of the digesting fluids ; the most diieet 
method of efiecting this is the one adopted in the manufacture of airated-bread, which comsiste in 
mixing the flour vrith water that \a highly charged, under pressure, with carbonic acid gas ; the 
mixing by this method is effected in a closed iron vessel, an aperture in the lower part of which 
is opened, then the pressure of the accumulated gas forces the dough out of the strong iron veoel 
into the air; the gas which has been confined in the dough expands and gives porosity sod 
sponginess to the dough. 

Aiiother process for preparing unfermented bread consists in mixing the flour with a little 
bi-carbonate of soda ; this mixture is then made into dough with water acidulated with hydro- 
chloric acid ; the bread is thus rendered porous. The chloride of sodium, formed at the same time, 
remains In the bread. In the making of cakes and pastry, the same object is attained by adding 
carbonate of ammonia to the dough. When baking, the salt is converted into vapour which 
distends the dough. 

The tenacity of' gluten, even in wheaten flour, is liable to variation; and in order to obtain 
good bread from a flour the gluten of which is inferior in this respect, it is customary to employ 
a small quantity of alum. This addition being considered unwholesome, it would oe better to 
substitute lime-water, which has been found by Liebig to have a similar effect. Sulphate of 
copper improves in a very striking manner the quality of the bread prepared from inferior flour, 
but this salt is far more demgerous than alum. 

Wheaten flour is particularly well fitted for the preparation of bread on account of the great 
tenacity of its gluten. Next to wheat, with respect to glutinous capacity, stands rye ; wiulst 
the other cereals contain a gluten so deficient in tenacity that they cannot be converted into 
good bread. 

In the ordinary process of bread-making, the carbonic acid that confers sponginess upon the 
dough is evolved by the fermentation of the sugar contained in the flour ; the flour having been 
kneaded with the proper proportion, usually about half its weight, of water, a little yeast and salt 
are added, and the mixture is allowed to stand at a temperatiire of about 70° Fahr. for some 
hours. The dough swells or rises considerably, in consequence of the escape of carbonic acid, the 
sugar being decomposed into that gas and alcohol, as in ordinary fermentation. The spongy 
dough is then baked in an oven, heated to about 500° Fahr., when a portion of the water and all 
the alcohol are expelled, the carbonic acid being, at the same time, much expanded by the heat, 
and the porosity of the bread increased. The granules of starch are much altered by the 
heat, and become more digestible. Although the temperature of the inside of a loaf does not 
exceed 212° Fahr., the outer portion becomes dry and hard, the hottest part being scondied into 
crust. 

Instead of yeast, leaven is often employed, in order to ferment the sugar : leaven is a name 
given to dough which has been left in a warm place until decomposition has commenced. 

The passage of new into stale bread does not depend, as was formerly supposed, upon the 
drying of the oread consequent upon its exposure to air, but is a true molecular transformation 
which takes place equally well in an air-tight vessel, and without any loss of weight. It is well 
known that when a thick slice of stale bread is toasted, which dries it still further, the crumb again 
becomes soft and spongy as in new bread ; and if a stale loaf be placed in an oven, it is reconverted 
into bread resembling new. 

With William Watson's bread-making apparatus, Figs. 1286 to 1292, the entire operation, frcm 
the mixing of the flour and the other ingredients to the final deposit of the dough in the oven for 
baking, is performed by machinery. 

The mixer consists of a horizontal cylinder, with flanges at each end, and a door at the upper 
part, throughout its length, for introducing the materials, and through which the agitator or 
stirrer of the mixer may be removed. The cylinder is supported on suitable feet, and at one end 
is enclosed for about a third of its diameter by a fixed plate, which descends below the flange, 
and forms the base or foot at that end ; the upper two-thirds of the cylinder end is closed by a 
sluice-door, which can be raised as required to form an opening for the exit of the dough. The 
other end of the cylinder is fitted with a piston, which forms a close end for the cylinder during 
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the mudng; this piston can be trayened in the cylinder, in which it fits sufficiently tight for the 
expulsion of the dough. An opening is made in the piston for the passage of an axis to carry the 
agitator of the mixer, which axis is carried by a bearing supported by a bracket from the flange of 
the cylindrical chamber ; the axis at the other end passes through an opening in the sluice^oor 
fitted with a bearing fixed thereto, or the bearing may be separately supported from the flange of 
the cylinder. The agitator of the mixer is made of a zig-zag kind of form, occupying the diameter 
of the cylinder, the several limbs of which extend across the diameter of the cylinder, and are all 
in the same plane, the angles at the extremities being all right angles, or nearly so. It has no 
central axis passing through it, being supported by a short axis at each end fitting into square 
holes in the extreme limbs of the agitator, which increase much in strength at those points. In 
order to strengthen and bind the several radial limbs or blades together, tie-rods are disposed in 
the direction of the axis, but distant about one-third the radius from the centre. The absence of 
the central axis prevents the dough collecting in the centre of motion. The limbs are inclined on 
both sides in opposite directions on opposite sides of the axis, in the manner of a screw, so that in 
rotating the agitator it forces the dough from one end to the other of the mixer, and on being 
reyeraed carries it in the opposite direction. The agitator is dropped in edgewise by.a tackle at 
the door above, the ends of the cylinder being so adjusted that the bosses of the end limbs of the 
agitator bear hard against the ends and make the axis-holes dough-tight ; the end limbs are also 
in doBe proximity to the ends, in order to scrape the adhering dough from them. The flour, water, 
and other ingredients having been emptied into the mixer, motion is communicated to the agitator 
by winch-handles at either end on the axis, or by means of a wheel and pinion. The dough having 
been noixed, the agitator and its axis are removed, and a long rack placed in the piston resting in 
a bearing, substituted for the axis-bearing, which is removed ; a pinion is disposed to take into the 
laeky the axis of which pinion is carried by bearings on the flange, and if tne machine is smalL 
may be driven by crank-handles on the pinion axis, but if large, a multiplying toothed gear and 
fiy-wheel shaft Ib used, by communicating motion to which the piston will be forced forwards by 
the laeky and the dough expressed as required; the same fly-wheel may also bo made otherwise 
available when removed by placing it on the axis of the agitator. The sluice-door opens by 
means of a hand-lever, and is so adjusted as to emit the desired thickness of plastic dough, which 
is of a width proportionate to the size of the machine. The dough, when expressed, is received on 
in endless doth moving on rollers and other supjMrts, which is speeded to travel at the same rate 
is the expressed dough ; in emerging, the dough passes under a duster, a perforated box contain- 
ing floiir receiving a lifting and oiopping motion from a cam acting on a lever carrying such box ; 
it then mases under a smooth roller, which smooths and reduces tlie dough to a uniform thickness, 
and nnaer two or three rollers, if necessary. The thic^ess of dough which is sufficient for the 
•nbetanoe of a loaf then passes under a rotating dividing cylinder, consisting of a series of dividing 
diaoB plaoed on a shaft ; these discs are thick in the centre, but thinned towards the edge at the 
periphery, and present somewhat of a V fonn in a cross-section taken from the centre to the cir- 
ennuerenoe ; these discs are disposed on Ihe shaft at distances apart, according to the size of the 
loaf to be made ; there are also dividing edges placed between the discs, parallel with the shaft, 
separating the circumference into eoual parts, wnich are two, three, or more in number, according 
to the size of the loaves to be formea and also to the diameter of the divider itself. This divider 
is driyen at a speed uniform with the endless cloth, down upon which it presses and divides the 
plastic dough into loaves. It does not actually cut the dough, the dividing edges being roimded, 
Dot simply presses sufficiently deep creases in it to produce the subsequent separation required ; 
thus the oreadth of dough is cut up into a greater or less number of loaves, according to its 
breadth : after passing under the divider the divided dough passes from the endless doth on to 
tmoks to be conveyed into the oven. The cloth turns backwards under its carrying roller, from 
under which the trucks are pushed forwards at same rate as the dough travels, and these move on 
rails up to the oven-mouth. The cloth dips a little at the delivery end, and turns back under a 
very small roller, so that the drop of the dough on to the truck is very slight, and all moving at 
9tjDB speed it is readily carried away unintermittently as it is made, and the truck or car, which 
may or may not be of the length of the oven, is pushed forward on the sole until it occupies its 
poeitioa therein. 

The oven is constructed of two, three, four, or more chambers, one above another, each of the 

^Hdth of dou^h delivered by the machinery ; these chambers are of cast or wrought iron, placed 

between two brick wsJIs, running from end to end of the oven, above the one chamber and oelow 

Hie other ; the flues traverse from end to end, the longitudinal flues communicating alternately at 

^^itpposite ends, so that the mouths of the several baking cliambers or ovens are alternately at 

c^posite ends, and must be fllled in opposite directions. The flre and first flue is immediately 

tmder the duunber, and is considerably narrower than the chamber, in order to modify the heat ; 

%he Boooeeding and upper flues are wider than the lower one, but still considerably less than the 

'^ridth of the diambers, in order to prevent excess of heat at the sides near the brick walls, which 

"^sonld otherwise be apt to bum the bread at each side. When one chamber is full, the truck- 

^(tarrying rails are shifted to a higher one, and the next truck is carried into the next chamber 

«boye, and so on until idl the ovens are filled and the full batch delivered. Between the fire and 

lower flue and the ffirst chamber is a cold-air fine, which protects the chamber from the immediate 

heat o£ the fire ; the cold air traversing tlierein is admitted to the fire near the door, and supplies 

it with air with the door or blower closed, and so keeps tlie bakehouse cool. The trucks or cars 

eoosist simply of two parallel angle-irons, disposed and braced together at a sufficient breadth, 

and mounted on four or more wheds. The bottoms of the trucks are made of tiles or metal plates, 

which may have any g^ven pattern, so as to impart an impression to the bottoms of the loaves 

dsoed thereon. The ovens are closed by doors that fall down and form a sole or stock-plate in 

uont ; the door being jointed to the sole of the door-frame in the manner of a butt-hinge, forms a 

dose joint both wiUi the door dosed^ and a level surface with the sole of the oven when open. 
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_ Wafann, klio, adapti tbia mixer to wh&t la termed the exmnmon gystem of bakiiig; that Is, 
mixing the jTMit with a ratull portion of the dough flnt, uid moh flret portion with a larger 
Pvtioo, and bo ott. For this pnrpoee an agitator ia employed wlQi a throngii azia and sciew, and 
ftud ndial anni therein, wbuih have beTeUed sidea. 
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gt. 1)88 to 1292 lepreKnt mne of the pArta detached. 

2. 1288 ia a venical longitiidiiial aaotioD of the miung tod 
visw of the Mtmo *t the end bom wMob it i« diiven. 



expraadng veeael: Fig. 1289 ia 
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tr iron ; if of iron it ahoiild be lined with wood. 



Platan, whloh fotnte one end of the mixer, the other end being fitted with a alaioe-donr for alloning 
Ihe dtngb to FMa out The agitator or mixer properly bo etUled ia fbrmed of a eeriee of pieoee of 
Iran onHed togethei bj meaua of itaya b, b. The pieoe* D, D, are twiated in oppoaita mrestiona 
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PreTioOB to the commencement of the eiperiments, the appuattu for meunrmg the la^m'"^ 
ettect mu caiefuUj adjusted. The bell-crank waa balanced vhen there were no weights in t^^' 
Kale. For thia purpose the link M, Fig, 1273, ¥^8 removed, and the chamber of the hjdranL— ^ 
regulator filled with water ; woighta were then applied to the top of the bell-crank, near the ei^^ 
to which the hydreulio regulator wm attached, until the whole was in equilibrium: the fin^^* 
adjustment was made, bj placine a weight of about 2 lbs. at the eitremity of one of the ho r - "~ 
lontal arms of the bell-cmik,— the arm was retained horizontally until a tdgnal was Kivan, -wh^V-- 
it was left at liberty to descend, and the time occupied in deacending a oort^ tUatuue w^h^ 
noted ; the weight was then removed to the extremity of the other arm, and the nme 
repeated. The balance- weights were altered until the times of deaobol were eqoaL To oi 
as much as possible the frictioQ of the fulcrum, the pin forming it was lubricated with si 
and during the descent the bead of the pin was struck lightly aod rapidly with a »maii [u 

After the bell-orank was satisfactorily balanced, the lick H was reattached, and the b 
adjusted by means of the screw which formed the connection between the link and the bisks. 
It was a4JilBted so that a line upon the brake was perpendicular to the axis of the link, when ths 
horizontal arm of the bell-orank was hori«intal. Tlie length of the brake was then n 
npon thia line. 

FCM. 

The length of the brake as thusmeesnred was found to be .. .. 9'74S 

The effectivo length of the vertical arm of the bell-crank was . . 4 - 500 
And the effective length of the horizontal arm to which the scsJe 

waa bnng, was ■■ -■- 



Consequentl]', the effective length of the brake was . 



t-745 X S 



10-827778 



The gauges in the fore-bay and in the wheel-pit were carefully adjnried by levelling fram 

the top of the weir. This was repeated by different persons, so as to remove all ohance d emr. 

The Hook-gaoge was compared with the weir by a different method. When the legnlatiiig- 

Ste of the turbine was shut down as tight as possible, it was still fbnnd that a quantity of wr*~ 
iked into the wheel-pit, exceeding, a little, the quantity that leaked out of the whed-i^' 
that a <mall quantity continued to run over the weir. The principal leak into the wheel-i^ 
between the regulating-gate and the lower curb, the loHthcr packiog not bei-n* prTf^rtly n. 
The Hook-gauge waa flnnly attached to a poHt, placed in the wheel-pit for [I 
a height known to be nearly correct. The regulating-gate waa closed, ati 1 i 
arrived at a, uniform state, the height of the water at the Hook-gauge was n<'ii 
ticie, the depths of the water on the weir were measured directly with a _' 
perform thia accnrately, a board, about 4 in. long, was held by an aBBista.-il 
weir, at the place where it was intended to meaaure the depth; the author l^ 
previously well dried, vertically, on the top of the weir, in front of the txard. 
the rule, the water in contact with it did not stand at the true level of the .-u 
little hollow around the rule; it immediately commenced rising, however, and i 
oame to a level, which waa indicated by the reflection of a light &om the ea 
Ittld I7 an assistant, in a ptopei position, fbr that pnrpose. 
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depths on the weir, taken in the maimer jnst described, February 20, 1851, were as 



DeptfaB on tlM westerly Deptha on the eacterly 

JB^ of the Weir. Buy of the Weir. 

indiea. inchee. 

0-37 0-36 

0-36 0-36 

0-37 0-36 

0-37 0-36 

Means.. .. 0*3675 036 

Or in feet .. 00306 00300 



) the heights given in the preceding Table were being measured, the depth by the 
ige was constantly 0*0318 ft. ; consequently, by this comparison, the zero of the Hook- 
is 0*0012 ft. below the mean height of the top of the weir, in the westerly bay, and 
;. below the mean height in the easterly bay, or 0*0015 ft. below the mean height in both 
. similar comparison was made February 22, 1851, when the zero of the Hook-gauge was 
be 0*0024 ft. below the mean height of the weir. The mean of the two comparisons, or 
ras adopted as the correction to be subtracted from the reading of the Hook-gauge, to give 
i depth upon the weir. 

1^ the experiments, the levels of the water in the upper and lower canals were maintained 
ufonn. The height of the lower canal, at the place where the water, passing the weir, 
it| varied a little, depending upon the quantity of water discharged by the wheel. It 
test when the wheel was running with the regulating-gate fully raised, and the brake 
; under these circumstances the surface of the water was from 0*3 ft. to 0*4 ft. below the 
e weir. In the other experiments vrith the regulating-gate fully raised, the fall from 
f the weir to the surface of the water in the lower canal was from 0*4 ft. to 0*6 ft. The 
and the planks were not put on until after the turbine experiments were concluded, so 
irater passing the weir met with no obstruction until it struck the Vater in the lower canal, 
obstruction caused by the planks was scarcely appreciable, which renders it certain that 
t o£ the lower canal, in oostructing the flow over the weir, must have been entirely 
table. 

mi's Dynamometer-Brake, — ^A reliable dynamometer-brake, like that of James Emerson, 
1, whida would show the amount of power transmitted at all times and under all circum- 
is a useful instrument. When the obiect is merely to ascertain the amount absorbed or 
by a single machine, a series of machines, or a line of shafting, or the necessary means 
li&ng power, a temporary attachment of the power-measurer, Fig. 1281, will be sufficient ; 
) are cases where a permanent attachment of the device is desirable. Such are all cases 
e users of mechanical power are hirers, and pay so much for each horse-power used. The 
a guessing or averaging, based on width of belt, size of pulleys, and weight of shafting, is 
oonrate enough where the cost of production of power is felt, as where the power is supplied 
iteam-enffine, or a water source liable to dimimsh in amount, or fail entirely., The 
oeter-brake should also be so simple in construction, and so exact in operation, as to be 
mderstood, and afford no possible or justifiable cause for controversy between hirer and 
power. Such is the design of the device of Emerson. 

rery simple in construction, and direct in operation. The pulley A is loose on the shaft, 
Ives the power. Its connection with the shaft is made by means of a wheel, keyed or 
flrmlj to the shaft in close contiguity with the receiving pulley, its hub, in fact, forming 
e guides to the position of the pulley on the shaft. To connect this fixed wheel with the 
siving pulley, a oell-crank lever is pivoted into projecting ears on the rim of the fixed 
I opposite sides, the long arm of wnich connects with an annular slotted collar on the 
means of the short bars B. The short arms of the bell-crank levers connect on the 
the fixed wheel with two radial bars, one parallel to the outer arm of the bell-crank, and 
r at right angles to it, receiving near its upper end a pivot passing through a swivel hung 
m of the fixed wheel, and having its extreme end pivoted to a stud fixed on the inner side 
im of the receiving pulley. It will be seen from this description that the strain of the 
oelved through the belt on A will necessarily react on the levers, and, through them, on 
i wheel, which may be considered nothing more nor less than a support to these levers in 
1^ them in position to connect the loose receiving pulley with the shaft. 
it will be seen the levers are connected by pivots with the sliding collar, in the annular 
f which is seated a strap with which is connected a forked lever, the fulcrum at G. To 
of the long arm of this lever a rod with a short section of machine chain is attached, 
dn runs over the cylindrical head D of a pendulum weight E, having a pointer that 
I a fixed quadrant F, properly divided by a scale to denote the relative pressure exerted 
the medium of the receiving pulley on the shaft. The pulley G is fixed to the shaft, and 
the power. 

U be seen that all the motions are absolute, there being no chance for play and back-lash, 
lat of joints and pivots ; and this, by good workmanship, can be reduced to the minimum 
tie to be taken into consideration practically. There is no dependence upon springs, 
r other forms, which are so liable to be affected by changes of temperature, and so 
le between extremes of demand. It is a weighing machine as correct in principle as the 
omed steelyards or the platform-scales ; in fact, it is simply a rotary platform-scale, and 
ohine may be weighed and tested in place by hanging to the pulley A sealed weights, 
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tmnedlkte heat of the fnmaoe, pUte 11 u oorered with ft thicknen of briolcwork, or it may be 
Iiath ftbove and below, aa Been at i, i, with an ait-flae d throngh the middle, and of equal width 
with the Are, ot nearl; so. Aic enlera at the back end of a, whioh is regolated as reqnired In a 
■lal«e-door to limit the auppl]' to the Are through that chaanel : a congtant change of air takhig 
I^aoe in this channel awuta in preventiiig the direct heat of the furnace overheating the lower 
o*en-ohBmber. Z i» the fornace-dDot. The Que from the foroace paaBea up in two branches, one 
on each aide of air-flua o, at the end of the lower oven-chamber, then along above it under the 
Moond chamber, thenoe pauing np at the end, and back under the third OTen-ohamber, and so on. 
Tb prevent ezoeaaiTe heat at the end of the oven-ehambon. fire-lmnps, as seen at 12, 12, are used 
la protect them, the metal plates of the oven being bo made as to bold them in poBition. 13 ia a 
water-tank, to be heated from the waste-head for nakehonee pnrposes: 14 ia a Blide-val?e in the 
tn> of each oven-chamber, enclosed in a case except at the end that ia not opposed to the draught 
of the flnea. These valves are opened by thumb-ioda when it ia desired to allow steam to escape 
frcHD the ovena; 15, 15, are hollow box ends of metal, cloaine the ends of the flnea, by removing 
whioh the smoke-flues may bo easily aleaned. These boxes being open &om the outside are con- 
moient fiir the insertion of thermometers, as seen at IG, to see and ascertain the he«t of the ovena 
»X all Umee. The escape of the fluee to the chimney is at IT. 

Fieor'i JTocAiury tmploytd in ihi Manafactun af Bnad and Auciufa.^Fig. 1293 I«prewnts a 
lUe dention of a soft-dough mixing machine; Pig. 1294 a front elevati^; and Fig. 1295 a 
groond plan. Fig. 1296 ia a side elevation of a breaking machine, which is emploved for pre- 
paiingthe dough for the moulding machine. Fig, 1297 isa sectional elevation through Fig. 1298, 
which represents a top plan view of the moulding machine ; Fig. 1299 is an end elevation. 
Tig. 1300 is a front elevation of a machine employed for monlding or shaping the dongh into 
loaTea or biacnits ; Fig. 1302 is a ground plfui of the dougb-ahaping machine ; Fig. 1301, a 
sectional elevation. Fig. 1303 ia sn end elevation of Fig. 1302 at C. 

OnFigs.l293tol295, A, A, is a tank or reservoir capable of holding water; B, B, is a frame- 
' — \ to whioh are connected the following parts ; — C, a hollow shaft working in bearings in the 

'~ ~;b D, fixed to the framing B ; B ia a shaft capable of sliding in the shaft C, and of rotating 
ith near the lower part of the ahaft E; a croes-head Q ia connected and slides on gnide- 
loda H. I ia a skeleton framing mounted loosely upon the shaft B, and connected thereto by a 
nnt rt a, Fig. 1294 ; K, K, are spmdlee, the upper p«^ whereof work in bearings in the framing I. 
The lower parts of these apindlea are formed with prongs b. c, d, e, are wheels gearing into each 
other, that marked c u fixed on the abaft £, and those marked d and t are re^eoHvely fixed on 
the apindlee K, K ; L, L, is bcvel^earing for imparting rotarv motion to the shaft G ; H, a 
•ooDterbalanee weight connected by a chain / to tlie lower ena of the shaft B, to facilitate the 
nuiingof B; Nis a veasel to oont^ water to mix with the Soar; O, O, ate vessels in which the 
do«^ is mixed. 

The operations of this machine are as follows : — The operator take* the fbrment or yeast 



Mtmnoaly nsed, and instead of mixing it in a trongh by hand, as commonly practised, he pi 
ttie yeast or ferment and flonr in one or other of the vessels O, and, placing same under the 
maohine, lowers the prongs 6 thereinto, and prooeeds to impart rotary motion thereto, the elTeot 
t{ which ia to cause the wheels c to rotete the wheels d and e, and also the axes E, on whioh the 
pnmgs b are fixed, thus producing three distinct rotatory movements dmultaneoosly, namely, one 
lotatUH) of the framing I, which carries the wheels d, e, and the axes of the prongs b, and another 
WtatloB of each of the wheels and axes and prongs, thereby effectually mixing nnd incorporating 
the Ingredients together into a sponge ; and when this operation lias been oontinued a sufficient 
length of time, according to the jm^ment of the operator, he removes the tab O from under the 
maohine, and places it in another part of the vessel, and taking another tub chives it with yeast 
and flonr as before, and prooeeds in this manner with each tub in succession, when the spcmge 
ii snJBoiently risen or fermented, the tub is again brought under the machine, and the required 
flonr and water added to the sponge, and made by the machine into dough. The dough is then 
Ut iajpntt, and wlien mSciently proved ia removed to the ■"n^binfl^ Figs. 129G to 1299, there t« 
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be opemted upon hy the biKke-rolIen of 
Ibia mBchine for the purpose of taking tbe 
proof oul of the dough. Ab regards this 
machine, Figs. 1296 to 1299, it Bhonld he 
distinctly uuderatood that ito conatroction 
forms no pert of the machine shown in 
Fi^. 1293, 1294. Both machines ore de- 
scribed in conjunction, for the puiposa of 
completing the description of the maohineiy 
necessary tobe used in manufacturing bread, 
biscuits, and li^e articles. When the dough 
has been sufflcientlj operated upon bj the 
brake-rollers it ia removed &om this ma- 
chine to the shaping machine, Figs. 1300 
to 1303, and operated npon theteb; in the 
mawier presently described. 

We would here remark, tbst the mMDS 
above described which we propose to em- 
ploy, and have found to answer well in 
Siraolice, tor ensuring the proper amount of 
ermeatation forms a very important fea- 
ture in Ibis invention, for by the use of 
cold water in hot weather we are enabled 
to prevent excess of fermentation, and by employing warm water in cold weather we can indOM 
feiinentation, the temperature of the water being regulated according to oircumstances and tho 
jodgment of the operator. 

We now proceed to describe the opemtions of the moulding or shaping machioe. With leapeot 
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nnraAlted grain to the diastase, the whole of which becomes converted into dextrine and suj^ar, 
and thus the labour and expense of malting are avoided. The wort produced by infusing malt in 
water contains not only sugar, dextrine, and diastase, but a large quantity of nitrogenized matter 
formed with the gluten of the barley. Before subjecting the wort to fermentation, it is boiled 
with a Quantity of hops, usuaUy amountmg to from ^ to t,*^ part of the weight of the malt 
employed. Hops are found to prevent the tendency o^ the beer to become sour : the sourness of 
beer is produced when the alcohol of the beer is converted into acetic acid. Hops contain from 
9 to 10 per cent, of an aromatic yellow powder, termed lupuline^ and is the active portion which 
contains a volatile oil of particular odour, together with a bitter substance. When the compoimd 
of wort and hops is run off into a vat, it is allowed to deposit the undissolved portion of the hops, 
then the clear liquor is drawn off into coolers, where the temperature of the compound is lowered 
as rapidly as possible to about from 58° to 61° Fahr. ; the cooling is usually expedited by cold 
water circulating through pipes which traverse the coolers. When the wort is cooled too slowly, 
the nitrogenized matter which it contains undergoes a change from the action of the air, in con- 
sequence of which beer becomes acid. After cooling the mixture, it is placed in the fermenting 
tun, where the fermenting is carried on by adding yeast, which is about y^ part of the 
compound. 

It has been found, with the aid of the microscope, that yeast is a minute fungoid vegetable 
that grows in solutions containing sugar combined with particular nitrogoniz^ substances, 
such, for instance, as a salt of ammonia, and the salts — phosphates of potash, soda, lime, and 
magnesia. 

The conditions under which the yeast plant grows were not ascertained and scientifically 
examined until recently ; for a long time, after the growth of this substance was ascertained, the 
seeds or germs from which it originates eluded detection, although its growth resembles some of 
the lower mosses. 

The process of brewing may be divided into four distinct stages : — 1. The maltinq, of which the 
object is to produce in the barlev the principle which effects the conversion of starch into dextrine 
and glucose, and which essentially consists in causing the barley to sprout under the influence of 
a proper temperature and degree of moisture, diastase being formed at the origin of the sprouts, 
and in the succeeding operation converting the starch into soluble dextrine and glucose. 2. The 
preparation of the wort (moOt), or saccharification of the malt, which consists in treating the 
ground malt with water at a suitable temperature, in order to cause the diastase to act on the 
starch and dissolve the dextrine and glucose which result from this action. 3. The boiling with 
hops, which consists in heating the wort with hops in order to give it a peculiar taste and aroma. 
4. Fermentation, which consists in mixing the cooled wort with a ferment, in order te effect the 
conversion of glucose inte alcohol. 

The barley is first placed in large vats of mason-work, with four times its volume of water, 
being stirred frequently te exjKil the bubbles of air between the grains, while those which arise on 
the surface, being generally defective, are skimmed off. The object of this process is chiefly to 
swell the grains, in order that they may sprout more easily ; and it lasts 24 or 3(5 hours in winter, 
during which time the water is renewed three times; while in summer it requires only 10 or 
12 hours, but the water must be renewed four or five times. 

The barley thus swollen is carried to the malt house, a kind of cave or cellar, the floor of which 
must be kept scrupulously clean to avoid all injurious fermentations. Germination requires the 
assistance of moisture, air, and a temperature of from 59° to 62°, which conditions are most readily 
realized in spring or autumn ; whence the name of March beer is given to that made in the spring, 
and is considered superior to that made in any other season. In the malt house the barley is 
spread in a layer of about 1| ft. in depth, and thus left until it becomes heated; but when it 
begins to sprout, the thickness of the layer is reduced to 1 ft., and then to 3 in. when the germi- 
nation approaches the proper point. It is also frequently stirred, in order to renew the air in the 
interior of the layer. In the hot season, the germination is terminated in 10 or 12 days; while it 
requires 15 or 20 days toward the close of autumn, the sprout having then become two-thirds as 
long as the grain. 

When the barley has properly sprouted, it is dried rapidly, in order to arrest the loss of the 
amylaceous matter which would ensue from a longer growth of the sprout and radicles. The dry- 
ing is first made in the open air, by spreading the grain over the floor of a well-aired granary, and 
then in a stove traversed by a current of hot air, and called a malt kiln. Desiccation renders the 
radicles of the barley very brittle, but they are easily removed by sifting them in a icinnowiwj 
machine or fan. The sprouted barley, thus freed from the radicles, is exposed for some time to the 
air, when it imbibes a small quantity of moisture, which facilitates its grinding. This operation 
is effected between horizontal stones, kej)t at such a distance from each other that the grain is 
broken and torn without being reduced to flour. The product is malty which is stowed away for 
future use. 

The saccharification of the malt is effected in large wooden vats, having a double bottom 
pierced with holes, intended to supjwrt the barley and facilitate the introduction and escape of the 
liquid. In the space between the two bottoms are the discharging-tube and one which conveys hot 
water. When the malt is placed in the vat, water at 140°, and equal in weight to one and a half 
times that of the malt, is poured in, the mixture being actively stirred with a kind of fork. It is 
then allowed to rest for half an hour, until the malt is thoroughly moistened, when water at 196° 
is added, until the temperature of the mixture attains 167°, which is the most favourable for sac- 
charification ; after which it is again stirred, the vat covered, and the reaction allowed to continue 
for three hours. The saccharine fluid, or trorf, is then conveyed into a reservoir, and thence into 
the boilers intended for the decoction of hops. 

As the first digestion with water only abstracts from the malt 0*6 of the saccharine matter it 
can furnish, an additional quantity of water at 176° is added, equal to one-half of that used in the 
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first operation, and is allowed to act for one hour, the liquid produced being added to the first. 
Lastly, the malt is exhausted by water at 212°, and a liquid obtained which is used in making 
small-beer. The exhausted malt (called, in this country, grains) is used as food for animals. 

The wort is heated to ebullition with hops in boilers, which must be kept covered to prevent 
the escape of the essential oil, to which beer owes its aroma, and are furnished with an apparatus 
which constantly stirs the mixture. The strength of the wort is sometimes increased by the addi- 
tion of glucose, molasses, or raw sugar. The wort, thus hopped, is conveyed into reservoirs, where 
it is clarified by rest, and then run off into other reservoirs, where it is cooled as rapidly as 
possible, by allowing the liquid layer onlv a thickness of 4 or 5 in. ; the cooling vats being placed 
in large rooms surrounded dv Venetian blinds, in order to afford a free circulation of air. The 
proportion of hops is about 1 kilogramme for every hectolitre of table-beer, and 2 kilogrammes for 
every hectolitre of strong beer. 

When the wort is cooled, it is poured into a fermenting vat or tun, and a quantity of yeast 
added, varying, according to the season and strength of the wort, from 2 to 4 kilogrammes for 
every 1000 litres, and maintained at a temperature of about 68°. The fermenting house should 
be well aired, in order to allow the carbonic acid to i>ass off rapidly. The fermentation lasts from 
24 to 48 hours, producing a large quantity of froth, which falls from the tun into spouts arranged 
for the purpose, and which, when collected and expressed in bags, constitutes beer-yeast. 

The tuns are always kept full by adding the liquid separated from the froth. The fermenta- 
tion of table-beer is completed in small casks filled to the bung, and placed on a scaffolding over 
a spout which carries on the froth still arising from the liquor ; and when the fermentation is 
finished the kegs are plugged, and the beer only requires a clarification with fish-glue. 

Strong beer is allowed to ferment slowly for several weeks after the fermentation in the tun, in 
large vats, holding as much as 2600 gallons. 

See Attemperator. Barley-dressinq Mac?hine. Coolers. Distilling Apparatus. Eleva- 
tors. Fermentation. Grain Measurer. Hop Back. Kiln. Liquor Boiler. Malt-dressing 
Machine. Malt House. Malt Mill. Malt Screen. Mashing Mill. Mash Tuk. Refrige- 
rator. Sparger. Stoves. Union Casks. Wort Copper. Yeast. 

BRICK-MAKING MACHINES. Fr., Machine de briqueterie; Ger., Ziegelpresse ; Ital.^ 
Macchina da far mattoni. 

The Brick-making, Pugging, and Crushing Machine of H. Clayton, Son, and Hewlett, is shown 
in Fig. 1304. The clay to be made into bricks is thrown into the hopper A of the machine. In 
this hopper revolves a shaft on which are keyed several small knives, which cut up the clay 
previous to its being crushed. It next passes through the crushing-rollers B, B, which effectually 
reduce to powder any stones or hard lumps of clay that may enter the hopper A. 

The clay, thus partially prepared, next passes into the horizontal pug-cylinder C, where it is 
thoroughly mixed and incorporated by the pug-knives which are fixed upon the central shaft. 
These knives are so placed that they force the clay towards the farther end of the cylinder, where 
it is pushed by means of a rotary blade or piston, and taken by the small feeding-rollers D, D'. 
The mixture having been drawn by the small feeding-rollers D, D', into the chambers, which are 
placed before the dies E, E, situated one on each side of the machine, the brick material issues 
through the rotary orifice dies in a smooth and regular stream, the angles well formed and the 
surfaces clean. It is then cut into bricks, of the required size, upon the cutting-tables F, F. 
This construction of machine is made of two sizes, and requires no masonry foundations, the whole 
being fixed upon cast-iron foundation-plates G. 

The larger machines are worked by a 16-h.p. engine, and each is capable of producing from. 
20,000 to 30,000 bricks a day, varying according to the quality of clay used. 

The smaller machine is generally worked by a 10-h.p. engine ; this machine is capable of 
producing from 15,000 to 20,000 bricks a day. 

In ordinary hand-made bricks, the main expense of the process of making, besides the burning, 
consists in the preparation of the clay, so as to render it sufficiently ductile to allow of its being 
forced into the moulds by hand-pressure ; this necessitates the mixing of water with it, and thus 
requires also the further process of drying the bricks before placing uem in the kiln. The risk 
of damage and the delay from weather also add materially to the expense of hand-made bricks. 
The application of machinery to the manufacture of bricks has for its objects economy, certainty, 
and expedition of production, and improvement in the quality and appearance of the bricks. It 
IB still a question how far these objects have been attained ; and out of the large number of 
machines invented for brick-making, but few are at present in regular work ; omitting tHe and 
pipe-making machines. The machines now at work may be divided into two classes — those which 
operate upon the clay in a moist and plastic state, and those for which the material requires to be 
dried and ground previous to being moulded. In the former class, the plastic oolumn of diay, 
having been formed in a continuous length by the operation of a screw, pugging-blades, or rollers, 
is divided into bricks by means of wires moved across, either whilst the clay is at rest, or whilst 
in motion by the wires being moved obliquely at an angle to compensate for the speed at which 
the clay travels. In conseauence of the clay having to be made sufficiently soft to allow of this 
wire-cutting, the bricks maae are but little harder tb&n those made by hand, and require similar 
drying before being placed in the kiln ; and this drying, together with the expense of preparing 
the clay in the requisite manner, renders the expenses of manufacture similar to those involved in 
hand-made bricks. In the second class of machines, a superior finish of appearance is obtained 
in the bricks by their compression in a dry state in the mould ; and the objection of subsequent 
drying is avoided : but the additional preparation requisite in drying the clay and reducing it to 
a sufficiently fine and imiformly pulverized state, and the more expensive character of the 
machinery involved, add materially to the cost of manufacture. 

By means of the brick-making machine invented by a Mr. Gates, and described by John E. 
Clift in a paper read before the Inst, of Mechanical Engineers, the difficulty of previous prepara- 
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nnmalted gram to the diastase, the whole of which becomes converted into dextrine and su^r, 
and thns the labour and expense of malting are avoided. The wort produced by infusing malt in 
water contains not only sugar, dextrine, and diastase, but a large quantity of nitrogenized matter 
formed with the gluten of the barley. Before subjecting the wort to fermentation, it is boiled 
with a Quantity of hops, usuaUy amounting to from -^ to ^ part of the weight of the malt 
employea. Hops are found to prevent the tendency of the beer to become sour : the sourness of 
beer is produced when the alcohol of the beer is converted into acetic acid. Hops contain from 
9 to 10 per cent, of an aromatic yellow powder, termed lupuline, and is the active portion which 
contains a volatile oil of particular odour, together with a bitter substance. When the compound 
of wort and hope is run off into a vat, it \b allowed to deposit the undissolved portion of the hops, 
then the clear liquor is drawn off into coolers, where the temperature of the compound is lowered 
as rapidly as possible to about from 58^ to 61° Fahr. ; the cooling is usually expedited by cold 
water circulating through pipes which traverse the coolers. When the wort is cooled too slowly, 
the nitrogenized matter which it contains undergoes a change from the action of the air, in con- 
sequence of which beer becomes acid. After cooling the mixture, it is placed in the fermentinfj 
iun^ where the fermenting is carried on by adding yeast, which is about yj^ part of the 
«ompoand. 

It has been found, with the aid of the microscope, that yeast is a minute fungoid vegetable 
that g^ws in solutions containing sugar combined with particular nitrogeniz^ substances, 
such, for instance, as a salt of ammonia, and the salts — ^phosphates of potash, soda, lime, and 
magnesia. 

The conditions under which the yeast plant grows were not ascertained and scientifically 
examined until recently ; for a long time, after the growth of this substance was ascertained, the 
seeds or germs from which it originates eluded detection, although its growth resembles some of 
the lower mosses. 

^ The process of brewing may be divided into four distinct stages : — 1. The malting, of which the 
object is to produce in the barley the principle which effects the conversion of starch into dextrine 
aid glucose, and which essentially consists in causing the barley to sprout under the influence of 
a proper temperature and degree of moisture, diastase being formed at the origin of the sprouts, 
ana in the succeeding operation converting the starch into soluble dextrine and glucose. 2. The 
preparation of the tcort (motLi), or saccharification of the malt, which consists in treating the 
ground malt with water at a suitable temperature, in order to cause the diastase to act on the 
•tarch and dissolve the dextrine and glucose which result from this acti(m. 3. The boiling with 
hop^ which consists in heating the wort with hops in order to give it a peculiar taste and aroma. 
4. Fermentation, which consists in mixing the cooled wort with a ferment, in order to effect the 
ocmversion of glucose into alcohol. 

The barley is first placed in large vats of mason-work, with four times its volume of water, 
being stirred frequently to expel the bubbles of air between the grains, while those which arise on 
the sur&ce, being generally defective, are skimmed off. The object of this process is chiefly to 
swell the grains, in order that they may sprout more easily ; and it lasts 24 or 30 hours in winter, 
during which time the water is renewed three times; while in summer it requires only 10 or 
12 honiB, but the water must be renewed four or flve times. 

The barley thus swollen is carried to the malt house, a kind of cave or cellar, the floor of which 
mnst be kept scrupulously clean to avoid all injurious fermentations. Germination requires the 
assistance of moisture, air, and a temperature of from 59° to 62°, which conditions are most readily 
realized in spring or autumn ; whence the name of March beer \a given to that made in the spring, 
and is considered superior to that made in any other season. In the malt house the barley is 
spread in a layer of about 1^ ft. in depth, and thus left until it becomes heated ; but when it 
hegiDB to sprout, the thickness of the layer is reduced to 1 ft., and then to 3 in. when the germi- 
nttion approaches the proper point. It is also frequently stirred, in order to renew the air in the 
interior of the layer. In the hot season, the germination is terminated in 10 or 12 days ; while it 
feqnires 15 or 20 days toward the close of autumn, the sprout having then become two-thirds as 
^oi^as the grain. 

When the barley has properly sprouted, it is dried rapidly, in order to arrest the loss of the 
jUnylaceous matter which would ensue from a longer growth of the sprout and radicles. The dry- 
'Hg IB fijiBt made in the open air, by spreading the grain over the floor of a well-aired granary, and 
»lien in a stove traversed by a current of hot air, and called a tnalt kiln. Desiccation renders the 
ladides of the barley very brittle, but they are etisily removed by sifting them in a winnotcing 
^^achine or fan. The sprouted barley, thus freed from the radicles, is exposed for some time to the 
itir, when it imbibes a small quantity of moisture, which facilitates its grinding. This operation 
Is effected between horizontal stones, kept at such a distance from each other that the grain is 
broken and torn without being reduced to flour. The product is malt, which is stowed away for 
future use. 

The saccharification of the malt is effected in large wooden vats, having a double bottom 

fieroed with holes, intended to support tlic barley and facilitate the introduction and escape of the 
iquid. In the space between the two bottoms are the discharging-tube and one which conveys hot 
"water. When the malt is placed in the vat, water at 140°, and equal in weight to one and a half 
times that of the malt, is poured in, the mixture being actively stirred with a kind of fork. It is 
then allowed to rest for half an hour, until the malt is thoroughly moistened, when water at 196° 
is added, until the temperature of the mixture attains 167°, which is the most favourable for sac- 
charification ; after which it is again stirred, the vat covered, and the reaction allowed to continue 
ft» three hours. The saccharine fluid, or vcort, is then conveyed into a reservoir, and thence into 
the boilers intended for the decoction of hops. 

As the first digestion with water only abstracts from the malt 0*6 of the saccharine matter it 
can furnish, an additional quantity of water at 176° is added, equal to one-half of that used in the 
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first operation, and is allowed to act for one hour, the liquid produced being added to the first 
Lastly, the malt is exhausted by water at 212^, and a liquid obtained which is used in making 
small-beer. The exhausted malt (called, in this country, grains) is used as food for animals. 

The wort is heated to ebullition with hops in boilers, which must bo kept covered to prerent 
the escape of the essential oil, to which beer owes its aroma, and are furnished with an apparatus 
which constantly stirs the mixture. The strength of the wort is sometimes increased by liie addi- 
tion of glucose, molasses, or raw sugar. The wort, thus hopped, is conveyed into reservoirs, where 
it is clarified by rest, and then run off into other reservoirs, where it is cooled as rapidly as 
possible, by allowing the liquid layer onlv a thickness of 4 or 5 in. ; the cooling vats being placed 
in large rooms surrounded oy Venetian blinds, in order to afford a free circulation of air. The 
proportion of hops is about 1 kilogramme for every hectolitre of table-beer, and 2 kilogrammes for 
every hectolitre of strong beer. 

When the wort is cooled, it is poured into a fermenting vat or tun, and a quantity of yeast 
added, varying, according to the season and strength of the wort, from 2 to 4 kilogrammes for 
every 1000 litres, and maintained at a temperature of about 68°. The fermenting house should 
be well aired, in order to allow the carbonic acid to i>a8s off rapidly. The fermentation lasts from 
24 to 48 hours, producing a largo quantity of froth, which falls from the tun into spouts arranged 
for the purpose, and which, when collected and expressed in bags, constitutes beer-yeast. 

The tuns are always kept full by adding the liquid separated from the froth. The fermentak.- 
tion of table-beer is completed in small casks filled to the oung, and placed on a scaffolding ov^^i 
a spout which carries off the froth still arising from the liquor; and when the fermentation :^ 
finished the kegs are plugged, and the beer only requires a clarification with fish-glue. ^ 

Strong beer is allowed to ferment slowly for sev^al weeks after the fermentation in the tun, -i^m. 
large vats, holding as much as 2600 gallons. 

See Attemperator. Bablet-dbessing Machine. Coolebs. Dishtillino Apfabatcs. Elev ^^ 
T0B8. Febmentation. Gbain Measubeb. Hop Back. Kiln. Liquob Boileb. Malt-dbessi^^« 
Machine. Malt House. Malt Mill. Malt Scbeen. Mashing Mill. Mash Tun. REFRicab^ m 
batob. Spaboer. Stoves. Union Casks. Wobt Ck)pPEB. Yeast. 

BRICK-MAKING MACHINES. Fb., Machine de briqueterie; Gbb., Ziegelpresse ; Ita«^, 
Macchina da far mattoni. 

The Bric^-making, Pugging, and Crushing Machine of H. Clayton, Son, and Hewlett, is shovrzi 
in Fig. 1304. The clay to be made into bricks is thrown into the hopper A of the machine. In 
this hopper revolves a shaft on which are keyed several small knives, which cut up the clay 
previous to its being crushed. It next passes through the crushing-rollers B, B, which effectuiJ/y 
reduce to powder any stones or hard lumps of clay that may enter the hopper A. 

The clay, thus partially prepared, next passes into the horizontal pug-cylinder C, where it is 
thoroughly mixed and incorporated by the pug-knives which are fixed upon the central shaft. 
These knives are so placed that they force the clay towards the farther end of the cylinder, where 
it is pushed by means of a rotary blade or piston, and taken by the small feeding-rollers D, D*. 
The mixture having been drawn by the small feeding-rollers D, D', into the chambers, which are 
placed before the dies E, E, situated one on each side of the machine, the brick material issues 
through the rotary orifice dies in a smooth and reg^ular stream, the angles well formed and the 
surfaces clean. It is then cut into bricks, of the required size, upon the cutting-tables F, F. 
This construction of machine is made of two sizes, and requires no masonry foimdations, the whole 
being fixed upon cast-iron foundation-plates G. 

The larger machines are worked by a 16-h.p. engine, and each is capable of producing from 
20,000 to 30,000 bricks a day, varying according to the quality of clay used. 

The smaller machine is generaUy worked by a 10-h.p. engine ; this machine is capable of 
producing from 15,000 to 20,000 bricks a day. 

In ordinary hand-made bricks, the main expense of the process of making, besides the burning, 
consists in the preparation of the clay, so as to render it sufficiently ductile to allow of its being 
forced into the moulds by hand-pressure ; this necessitates the mixing of water with it, and thus 
requires also the further process of drying the bricks before placing uem in the kiln. The risk 
of damage and the delay from weather also add materially to the expense of hand-made bricks. 
The application of machinery to the manufacture of bricks has for its objects economy, certainty, 
and expedition of production, and improvement in the quality and appearance of the bricks. It 
is still a question how far these objects have been attained ; and out of the large number of 
machines invented for brick-making, but few are at present in regular work ; omitting tiie and 
pipe-making machines. The machines now at work may be divided into two classes — those which 
operate upon the clay in a moist and plastic state, and those for which the material requires to be 
dried and ground previous to being moulded. In the former class, the plastic column of day, 
having been formed in a continuous length by the operation of a screw, pugging-blades, or rollers, 
is divided into bricks by means of wires moved across, either whilst the chiy is at rest, or whilst 
in motion by the wires being moved obliquely at an angle to compensate for the speed at which 
the clay travels. In conseouence of the clay having to be made sufficiently soft to allow of this 
wire-cutting, the bricks made are but little harder t£uui those made by hand, and require similar 
drying before being placed in the kiln ; and this drying, together with the expense of preparing 
the clay in the requisite manner, renders the expenses of manufacture similar to those involved in 
hand-made bricks. In the second class of machines, a superior finish of appearance is obtained 
in the bricks by their compression in a dry state in the mould ; and the objection of subsequent 
drying is avoided : but the additional preparation requisite in drying the clay and reducing it to 
a sufficiently fine and uniformly pulverized state, and the more expensive character of the 
machinery involved, add materially to the cost of manufacture. 

By means of the brick-making machine invented by a Mr. Gates, and described by John R 
Clift in a paper read before the Inst, of Mechanical Engineers, the difficulty of previous prepara- 
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tiOD of the clay required Id the Beoood cla™ of machines is not inctiwed ; while at the suae time 
the subsequent drying of the bricks required with the other machiaeg is avoided. In this machiiM 
the claj in used of irach a degree of dryness as to allow of its being mixed up and macerated and 
comprised into bricks by a single onntinnoos action; the clay being formed into a conlinDaiu 
coluinQ and compressed into the moulds by the action of a revolnng vertical screw. The els; 
s generally no previous preparation beyond that given by the ordinary craahinif-rolleii, 
sometimes ready to be pnt into the machine direct from the pit : in other cases, where om- 
taining a mixture of stones, it is first passed throu<!:h a pair of crushiDg-rollers. 

Tho machine ia shown in Figs. 1305 to 1311. Fig. 1305 is an end elevation of the macluDE ; 
Fig. 13DG is a ^ont elevation, 
and Fig. 1307 a plan ; Fig. 1308 
is a vertical transverse section 
enlarged; F^. J309 a plan of 
the screw; and Fig. 1310 is a 
longitudinal section of the ma- 

'Hie cast-iron claj cylinder A, 
Fig. 1308, is expanded at the 
upper put to form a hopper into 
which the clay is supplied, and 
the lower cylindrical portion is 
about the same in diameter as 
tho length of the brick-mould F 
at tho bottom of the pressing- 
cbamber B. The vertical screw 
C is placed in the axis of the clay 
cylinder, and carried by two bear- 
ings in the npper frame D: this 
screw is parallel at the lower part, 
the blade nearly filling the paral- 
lel portion of tho clay cylinder, 
and is tapered conicdly at the 
upper part to nearly donble the 
diameter. When the clay is 
thrown loosely into the hopper, 
it is divided and directed towards 
the centre by the curved arm B 
revolving with the screw-shaft, 
and drawn down by the tapered 
portion of the screw into the . 
parallel part of tho clay cylinder, ' 
m BufBcient quantity to keep this 
part of the cylinder constantly 
charged, any surplus clay easily 
escaping laterally into the loose 
clay in tho hopper. The clay is 
then forced downwards by the 
parallel portion of the screw into 
the nrossing-chamber B, and into 
the brick-mould F, which conaists 
of a parallel block. This block 
it equal in thickness to a brick, 
and slides between ftxed plates 
above and below ; these plates 
containing the two moulds t and 
G, Fig. 1310, corresponding in 
length and breadth to the bricks 
beins mode. 

The mould-block F, Fig. 1310, ia made li 
revolving cam H, which acta upon two rollers ii 
rod sliding through fixed oyea : and the two brick-moulds are thus placed altemateljr under the 
opening of the pressing-chamber B to reoeive a charge of day ; the mould-block remaining sta- 
tionary in each |iositioD during one quarter of a revolution of the cam H. When the brick-mnuld 
F is withdrawn from nnder the press-chamber, tlie brick is discharged from the mould by the 
descent of the piston K, which is of the same dimensions as the brick-mould ; the piston ia pressed 
down by the lever N worked by the cam N, when the brick-mould stops at the end of its stroke, 
and is dlBwn up again before the return motion of the mould begins. A second piston L act* 
in the same planner upon the second brick-mould O : and the discharged bricks are received 
npon endless bands O, Figs. 1305 to 1307, by which they are brought succetsively to the front 
of tho machine, where they are removed to the barrows for conveying them to tne kiln to be 
burned. 

Tho solid block that divides the two brick-moulds F and O is slightly wider thMl the dis- 
charge-opening at the bottom of tho pressing-chamber B, having an overlap, so that the making 
of one brick is terminated before that of the next begins, in order to ensure completeneaa in the 
moulding. During tho instant when thia blank is passing the opening at the bottom of the preaaing- 
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irorking for two ye&rs at the BlaensTon Iran Works, the acrew and mould-block vt 
l^nn-metftl, and were found conaiderably more durable. 

With regard to Iho bumitig of the bricks made by these machines, no difficulty has been 
fotrnd from the bricks not havioK beeD dried before atacking in the kiln : and a vary anudl pto- 
portiOD of WBBle is made in the Dnming. Wbere tbe day contaias much alumina and retaiua 
more moisture in consequence, it is found adviBable to stack the bricks in tbe kiln in li/ti, as thn 
are termed, of from fifteen to tventv coorses each ; as soon as the bottom lift has been stacked, 
small Area are lighted to drive off the steam from the bricks, which might otherwise ioften tboaa 
stacked above; the middle lift in then stacked and similarly dried, and then the top lift, after 
which the full flres are lighted. In other oases the whole kilo is stacked at once, and do difficulty 
has been eiperienced from the lower bricka not being able to hear the weight of the upper brioki. 




Sections, elevations, and 
details of Piatt and Co.'s 
dry-clay brick-making ma- 
chine are shown, Figs. 1S12 
to 1319. We take a descrip- 
tion of this machine from a 
paper read before tbe lust, 
of Meohanical EnRineere, by 
B. Fothergill. The day fa 
taken bom the bank in tram- 
way trucks to a large shed 
oi covered storehouse, which 
keeps the macbinea from 
injury while being worked 
in bad weather, when the 
clay cannot be got sufB- 
cientlydry. Under the shed 
floor IS an arrangement of 
flnee that can be neated to 
dry tbe clay as it is taken 
tiom tbe bu>k. From this 
riled ihe dry clay i« taken 
by an elevator A, Figs. 1312, 
1313, and shot into a hopper 
at the upper end of a revolv- 
ing pulverizing machine B, 
consisting of a screen fixed 
at a slight inclination from 
a horizontal position, and so 
eoustmeted and arranged 



that the olaj ia pounded 

•nd toroed thmigh it by cnuhen, while stones and 
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ThepulTerizer k ebown enlarged in FIkb. 1314, 1313. The fixed abaft C ie set ata ilight 
incliniition from tbo horizontaL and the ends DD of the screen revolve apon it; to Iheae ^d« 
nre bolted the longitudintil ban E E round the circamfaronce, forming the acreen, The«e bars &re 
of a Tedge-ahniied necticm, 80 as to gire a vider opening between them on the onter than on the 
inner t<ido, to allow the pulverized clay a free OHcape. Thero are also attached to the abaft G 
wilbiD tlie ends of the BorceD two bearers F F connected by two longitudinal bolts, which cany 
a aeries of ca«t-iron cruahera or putvi^rizerH G ^i, woij^hing about j cwt. each : one bolt fomw > 
flied axis at the extremity of the pulverizers : and the other bolt acta aa a anpport for them, in 
such a manner mi to allow a alight apace betneen their eitremitiea and the inner aide of the 
BCieen-bars E, to prevent aotnal contact when the machiue maj be working without clay. The 
screen ia made to revolYO at about twenty-Qve revolutions a miuuto by a pinion driving the wheel 
H fixed upon the apper end. The clay ia fed in by the hopper I at the npper end, and by the 
rotary movement of the screen is carried forward and under the polverizers O, which bre«Jc up 
the lumpa and press the clay out through theapscea between the bars E; but owing to the manner 
in which the pulverizers are ar 
ranged and supported, they yield 
and rise when atonea or other 
hard subatancea aro passing under 
them, preventing any damage to 
the machine : and in consequence 
of the inclioation at which the 
Hcreen is eet, the stones are gra- 
<lua11y traversed through its entire 
length, and ultimately rejected at 
the lower end which ia left open 
for the purpose. 

The clay ia then conveyed from 
under the pulverizer by an ele- 
vator K, Figs. 1312, 1313, into a 
revolving conical acreen or aifter 
L, shown enlarged in Figs. 1316, 
1317; from which it falla inio 
the hopper of the briok-prese M, 
Figa. 1312, 1313, m a state of 
fine powder: any particles not 
passing through the meshes of the 
sifter L are rejected at its larger 
end and conveyed by a apont to a pair of amatl cruBtimg-mlJcra N, and thence back hy the spont 
O to the foot of the first elevator A, whore they are mixed with the crude clay, and go throngb 
the same process again. 





The brick-press is shown enlai^ed in Pigs. 1318, 1319; Fig. 1318 ia a fiont elevatioii. Mid 
Fig. 1319 a tmnsverse section. The aide cheeks A A are fixed on the foundation-pbite and sapport 



the principal parts of the press, B is the frame or bed where the n 
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whioh tbo bricke are fonned. C h the sliding mould-cbarger, to take tbe claj from the hopper D 
to tbe brick-moulds : an adjustable striker E is filed upoD the rront of the hopper to ^oge the 
charge of clay when being conveyed to the moulds hj the forward mctiou of the lever F, which 
ia actuated b; the earn O, abown dotted in Fig. Iiil9, fixed upon the Iwttom csu-ehaft H. The 
lower ram I rests upon and ia actuated by the cam-shaft H, and is formed wiUl foar pistons K 
upon the upper surface ; each of the pistona fits into a se|iarate brick-mould. The top ram-shaft 
L gives motion to the upper ram M, which is also formed with four pistons N upon the lower 
surface, exact!; corresponding with tbe four lower pistons K and fitting into the same briok- 
moulds. The two c&m-sliafts are driven at the same speed by the spur-wheels O which are driven 
by tbe pinion P. 

The cams R 8 lift the upper ram M, and are so arranged as to produce two suooessive 
elevations and allow two falls of the ram and pistons in the formation of each sories of four bricks 
made at each revolution of the machine. Tho first blow of the pistons, after being raised by the 
first cam R, drives the clay out of the foni apcrtnres in the miiuld-charger C, which have been 
brought directly over tiie four brick-moulds by the motion of tho lever P; and oompresses tho 
clay into the moulds, llierehy eipelling tho air from it : a very heavy blow is given by the pistons 
upon the clay, the total weight 
of tho falling parts being nearly 
1 ton. The piatona are then 
raised by the second cam S to a 
suitable height to allow tliu 
mnuld-charger C to move beck 
to ita former position underneath 
the hopper D, for the purpose of 
being filled with another charge 
of clay. A second blow of the 
pistons then takes place, tho- 
roughly condenuing the clay in 
the moulds ; and the final pres- 
sure to finish the bricks is then 
given on the top aide by the 
pressing cams T acting upon 
the friction -rollers U wbicb are 
fixed on the upper ram M : this 
downward preaanre is met by a 

of the lower pistons K, given by 
the eccentric form of the bottom 
cam-shaft H. Tho shaft U is 
also formed so as to raise the 
bricka np to the top eurface of 
tho mould-bed B after the pres- 
sure is oompleted, whence they 
are removed to the table V by 
the forward movement Ot tho 
mould-charger C, when deliver- 
ing the char);e of clay for tbe 
next set of bricka. An india- 
rubber bnffer-Bpring X is placed 
in the npper rom M, to receive 
the concussion of the fall of the 
ram upon the cama B S, in case 
the machine should from any 
cause run without clay. By 
this arrangement of applying ' 
the presaore botb below and 
above simtdtaneously, the bricks 
are kept ia oontinued motion, 
sliding through the moulds whilst the 
fine polls' ■ 

The faces of the moulds are formed of wronght-iron plates casebardened and secured by pins, 
so that they can be easily removed and replaced, when necessary. 

The whole process is thus self-acting, from the crude cla; being fed into the pulverizer out of 
the drying-shed, to tbe bricka being flniabcd by tho prcaa ready for the clamp or kilo ; and no 
waste of material takes place, other than the rejection of tlie atones by Iho pulverizer ia the first 
process; and no process ot drying the bricks being requisite, they are taken direct from the 
machine and stacked in the kiln ready for burning, thus avoiding all risk of damage from haudling 
whilst in an unbaked state. The clay may be mixed with breeze or ashes, or chalk for white 
bricks, or other suoh substances, the machines working any sort of clay or mixture equally well ; 
the press by its extreme pressure forms a perfect brick in an unbumed state, and an unoammon 
hardness and closeness ia obtained. 

By thii process of manufacture, within a quarter of an hour, clay may ,be taken from the shed 
in iti crude state, and tbe bricks delivered by the press, taken by a tramway, and lauded in the 
kiln ready to be burned in the nanal way. Buildings have been erected witn these brieka ; and 
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t. 13H, 1319. The fixed ahaft C is nt at * iligbi 

, __ ._. DD of the ecteen revolve upon it; to Iheae cndi 

'e bolted the Inngitudinftl bars E E round Ihe ciroumfercDce, fonaing the Hcreen. These bus u« 
of a. wodge-ohaped section, no as to give a wider opening between them on the oater than oo the 
innei Hi<le, to allow the pulverized ctajr a free escape. There are also attached to the abaft C 
within Ibe endu of the screen two bearera F F connected by two longitadinal bolts, which cairj 
a aericB of coat-iron cnntfaeru or pulverizers Q U, woishin); about jf cwt. eecb : one bolt fonna a 
fined axis at ibe extremity of the pulveriiere ; and the other bolt acts as a Bupport for tbem, in 
BUph a nianoer as to allow a slight space between their eitremitiea anii the inner aide of the 
acreen-bars E, to prevent actual contact when the machine may be working without clay. The 
screen ie made to revel re at about twenty-five revolntiona a miante by a pinion dririDg the wheel 
H fixed upon the upper end. The clay ia fed in by the hopper I at the npper end, and by the 
rotary movement of the screen is carried forward and under the pulverizera G, whicb bieak up 
the lumps and press the clay out through the spaces between the bare E; but owing to the manner 
in which the pulverizers are ar- 
ranged and supported, they yield 
and rise when stones or other 
liard substances are passing under 
tbom, preventing any damage tn 
the machine: and in consequence 
of the inclination at which tlie 
screen is set, the stones are gra- 
dually traversed through its entire 
length, and ultimately rejected at 
tlie lower end which is left ojien 
for tlio parpoae. 

The clay is then conveyed from 
iiniler the pulverizer by an ele- 
vator K, Figs. 1312, 1313, into a 
revolving conical screen or sifter 
L, shown enlarged in Figa. 1316, 
1317; from which it falls into 

the hopper of tho brick-press M, 
Figs. 1312, 1313, in a stale of 

fine powder; any particles not 

passing through the meshes of the 

aifter L are rejected at its larger 

ond and conveyed by a spout to ii pnir of small crushing-rollers N, and thence back by the spnut 

O to the foot of the first elevator A, where they are miiod with the crude day, and go through 

the same process again. 





The brick-prcsB is shown enlarged in Figs. 1318, 1319; F 
Pig. 1319 a transverse section. The side cheeks A A are fixed o 
the principal parts of the press. B is the frame or bed when 



;. 13IS is a front elevation, and 
the foundation-plate and support 
the moulds are arranged and in 
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time to presa it dovn npon the rollera incased in B, aad further, to praf ent the receiving-hopper 
from becomin? choked. 

The crunhini^-rollera next grip the clay, and cmah all hud Inmps and largo atonea, and foioe 
the thus partially-prepared material to the pug-cylinder C, in which reTolvea a strong sbaft fitted 
with a nnmber of kniTee, Bet in enoh a manner so aa to form sections of n screw, whicli by their 
lotary action thoniugbly pnj oi mix the cJay, and at the same time force ttie homogeneous mass 
towarda the end D of the cylinder, where it passea through the die or moulding onfice on to the 
oatting-off tables. 

Darjd Murtha'i brick machine, Fig. 1321, has a nries of rotating circular disks I, arranged so 




as to operate upon the clay, which, after being forced from the ni 

tscle, is cut into strips of the proper width of the length of the t . . 

traniTenie series of similar disks J, tor the purpose of cutting the strips of clay into the ptoper 

widths. The feeding-table E'E« is madd in sections, so aa to admit of being parsed Buooessively 
through the machine. 
13)3. Fig. 1322 shows 8. H. Pariah's sppMatns K^ drying 

hrkh, Hliaa a winibmntinn of luljurtable iupporla G, 
to prevent the weifrht of the bricke from sagging the 
board, which rcata on a carriage, A rod which connects 
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the slaU is pivoted on jonruals, and used in oomiectiou 

with a corrittge E and movable rails. B B are covered 

tmcka; GH sdjuatuUi' loading'stBys ; B' B' movable 

mils : A A pf>sta ; I slriogors ; C the return 

roof of the shed. 



-9; 



iV;r7im;.— The pug-mill is one of the most useful and essential implements in brick and tils 
msDufaotore. The object of pugging the clay is to bring it into a complete homogeneous state c€ 
coasistcooy. In the olsy ss one, with rare eiceptions, the strata are vanons. Hi arane portioas 
the tmotoons, in others the tuiaj, silioeons, or other qualities prevail. In order to work bnek- 
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it ia found that with eare in setting tlis bricks the iiuide nuface Ii m perfect m tha oatnl^ 



J flnished wilhont my 

Bipected that gnat care would 
be required in numipnlBtioii, 
•nd the production mait neoes- 
auily be alow. The reverie is 
however the case, and the fol- 
kwing ie the result or actual 
working. The machinery pre- 

EircB the clay and completes the 
ricks at the rate of 30 bricks a 
minute, or ISOO an hour ; in ono 
day of 10 hours' work 18,000 are 
produced, giving a total produo- 



Tory moderate amonnt of atteO' 
tion paid to burning, which ia 
Ktidered euty by the great flnn- 
ness of the bricks, S 000,000 of 
perfect bricks may be burned 
from one machine m a year, 

Kg. 1320 is of a brick ma- 
chine, which requires fnai 6 to S 
boree-power to produce 12,000 
to 18,000 bricksa day, acoording 
to the nature of the clay ope- 
tstedupon. Thissmallmachioe 
of Clayton and Uowlett cniahea 
the clay, pugs the material, and 
moulds the bricks : it ia a very 
complete machine. 

The rough clay A is taken 
bom the heap in barrowi and 
wheeled up an incline, or it is 
drawn up the incline by suit- 
able gearing by the power of 
the machine, and tiien shovelled 
into the feeding-hopper B, in 
which revolves a ehaft which 
has several iniall knives fixed 
upon it : the duty of these 
kiuvet is to cut up the large 
lamps of clay, and at the some 



a for plaster. For bricks so perfectly formed It mi^U ba 
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claj, it is held tmo and finnly against a Bmootb moUllic refliatanco-plate : thus the finish of the 
cut ia otean and the ends of the bricks aro sqaaie, and not left ra^ed or torn. 

Hand-pmxT Brich-preashig Machine, Fig. 1325.— This little machine of Messrs. ClajtoD and How- 
lott iB the moat perfect of the kind that has &llennnder our notice. A in the mould box or chamber, 
in which a piiitoQ is moved 

up and down by means ot par- '*"■ 

tial rerolutioii of a cam on O 

the cam-shaft B, actuated by 
the hand-lever C : this cam- 
shaft ia connected with the ^ 
top-oover D hf the side ai 
E, and moTOi up and down 
with it, but when pressing is 
free to reciprocate on its own 
oentre withnat moTing the 
oover or Bide arms. F is a 
weight attached to the cam- 
shaft, and vibrates with the 
hand-lever C, which beiDg 
■harplj thrown over, sA& 
conaidenbly to the pressure 
by its own momentum. O is 
a frictioa-rollor on which the 
curved end of the hand-lever 
works when delivering the 
bricks, and by pulling the — _ 
hand-lever over in the poai- ;r^ 
tion shown in the engraving, 
the whole of the cam-shaft, 
with the side arms and oover, 
ere bodily raised, and the 
piston ia brought np flush 
with the top edge of the 
moold-boi. The rough brick 

E to be pressed is now placed ~~ 

upon the piston, and the lever is brought over to the right stop I. The curved end K travels 
npnn the friction-rollers, and the whole cam-shaft, side anna, top-cover, and the piHion with the 
brick, are lowered until the lever arrives at a perpendicular position, by which time the cover has 
been brought into its proper position on the top of the box by the guides ; the cam-shaft is now 
entirely supported by the side arms and cover, and simply reciprocates upon its own centre, which 
motion causes the cam to raise tho piston and compresses the brick. The lever is now thrown 
sharply back to the opposite side, which action causes the curved end of the lever to ride upon 
the roller, and bodily raues the cam-shaft, the top-cover, aud the pietou, and delivers the brick 
ready to be taken away. 

One of the great features in this press is the patent self-lubricating piston, whereby a grest 
saving of time is effected, and the great desideratum of preventing the adhesion <^ the brick to tho 
mould has been obtained. 

Tht precttt of muhing is resorted to for the eOectual separation of limestones and other sub- 
stances from earths into which they, injuriously to the manufacture of clay wares, intrude ; or for 
those classes of bricks, such as London stocks, with which for a special object chalk is largely 
mingled with the claj. For such object Holler and Harrow Wash-Mills are much used, and they 
"e ftpplicable separately as chalk-mills. These mills are also used in cases where a speciM 
' ■ onders the n ' ' " ■ ' ' ' ■ ■ - ■■ ■ ■ - 
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wasbiog of the clay, or of the whole o: 



X material, necessary. 
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Krta, and to make it of one uniform characttr. The pog-mtU U therefore the meet T&liuble 
portant precursor of the BobBeqnent processee of Inick as well lu of tiU manafachm, inaagueti 
M tbe eqnal conaiatency and mtegr[t; of the raw material can alone eninre the uniform Btrength 
and good quality of the oompleted brick or tilt. H. Clayton and Co.'b improved Awhimflrfijii 
knife png-mill, Fig. 1323, pmdncea theae desirable results. 

In Fig. 1323, A ia a oast-imn cylinder into which the clav reqnired to be pugged is throira. 
Upon the central shaft B are fixed wroup;ht-imn steel-tipped knives C, C, C, C (ao placed as to 
form a section of a screw), which cut up and mix the day, and at the same time force it doon- 
wards to the outlet D at the bottom of the cylinder, which can be adjusted with h eluioe-door and 
leter for letting the clay out at Ctirtain times. 

There is a door E, fastened with a Btrong wrought-iron bar, in the middle of the mill, fcs cm- 
venicnce, when it is necessary to inspect and clean the kniTea fram roots and other foreign mate- 
rials that may adhere to them. 

The bottom end of the pog-ahaft B works in a st«eled bashed step F. 

Clayton, 3on, and UuirJetfi BricktMttinq and Setf-dtHarrv TiAle, Fig. 1324.— When B stream of 
clay of sufficient length to cut the desired number of bricks has be^ expressed front the die n 




ooolding orifice of tbe machine on to the receiving-rolloTB a, a, a, the siiigle catting-wire b is 
caused to peas through the etreaoi of clay to sever or divide it. The desired len^h 0[ moulded 
clay being now cut off from tbe moss, it is drawn forward by hand over the receiving-rollers on 
to the cutting or plate table c, in front of tbe cutting-wires d, d,d,ao that the expression of the 
main streeni of clay from the moulding machine may continue without interruption, whilst the 
severed portion intended to be cnt up remains stationary. 

This portion of the moulded clay is now ready to be out up into bricks, which is done by 
causing the wires to pass through it by means of operating the handle t, which simultaneously 
transmits motion to the pinions //, the racks 7 g, and the whole rack-frame h k, earning with them 
tbe series of wires d, d. d, and also the plate-table c and platea or board t, cansing the plate-table c 
to pass from under the clay through which the wires are pessing, and to be replaced by tbe 
portable platen or board 1. The handle t is now to be moved in the opposite direction, by which 
the whole movable parts described are returned to their original position, taking with them tbe 
clay now in form of cnt bricks on the platen or board 1 : this platen or boc^ ■ u then removed 
with tbo bricks upon it. Another board being sabstitnted, the machine is now in position to repeat 
the operation. 

One of the great advantages of this table over those previously in use consists in the perfect ease 
with which a large number of bricks can be cut and safely removed from the machine in a given 
time. This is footed, not by increasing the quantity of material coming from the moulding 
machine, but by the greatly-increased &cility for the reqoiied operations, and by leasening tha 
number of the waste pieces of moulded clay. It also wholly anpeisedes the risk and labnur in 
the removal of the bncka from the machine. In other machines of the kind the cnt hricka have 
to be removed from the table separately to place them on tbe bariow, rendering this portion of the 
operation subject to loss or damage of the bricks by negligence of the workmen. 

In this table these practical objections are avoided, as by its arrangement a positive number 
of (ten or twelve) bricks is cut and delivered, by one simultaneous operation, each time of cutting 
on to a receiving palette or board ready to be placed upon the brick barrow without the cat bricks 
having been handled in any way. 



between which the n 
gauge, thus suporsedl 
ontting-tableB. The ai 



e stretched, and by replacing them wiUi other ban of the desired 
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cUy, it a held tme and flmily against a amootb metallic reaietance-pUte: tbiu the finUh of the 
out is clean and the ends of the biicka are square, ani) not left ragj^ "' torn. 

Hattd-poaer Briei-premiag Machine, Fig. 1325.— This little machine of Heesra. Clayton and How- 
lettie the most perfect of Uie kind that has fallen nndoiour notice. A lathe mould boK or cliamber, 
in which a piston is moved 
np and down bj means of par- 
tial revolution of a cam on 
the cam-iliaft B, actuated by 
the hand-lever C; this cam- 
shaft is connected with the 
top40Ter D by the aide arms 
E, and moves up and down 
with it, bnt when pressing is 
bee to reciprocate on its own 
oeotre without movint; the 
eoTBT or side arms. F ia a 
weight attached to the cam- 
shan, and vibrates with the 
hand-lerer C, which being 
abarply thrown over, adds 
oonaideiably to the pressure 
by Its own momentum. O ia 
a Mction-roller on which the 
euTTed end of the hand-lever 
w<ffkB when delivering the 
brieka, and by pulling the 
hand-lever over m the posi- 
tion shown in the engraving, 
the whole of the cam-ahaft, 
with the side arms and cover, 
ani bodily raised, and the 
piston ia brought up flnsh 
with the top edge of the 

moQld-b<n^ The tough brick _ 

H to beprewed is now Disced 
Dp<n the pislou, and tJie lever ia brought over to the right stop I. The curved end E tiavels 
npUB the niction-rollera, and the whole cam-ahaft, aide arms, top-cover, and the piston with the 
brick, are lowered until the lever arrives at a perpendicular poailion, by wliich time the cover has 
been brought into its proper position on the top of the box b^ the i^des ; the cam-uhaft ia now 
entirely supported by the aide arms and cover, and simply reciprocHtca upon its own centre, wliich 
motion caiiBes the cam to raiae the piston and compresses the brick. The lever is now thrown 
sharply back to the opposite side, which nctioii cauaos the curved end of the lever to ride upon 
the roller, and bodily raises the cam-shaft, the top-cover, and the piston, and delivers tlie brick 
ready to be taken away. 

One of the great features in this press ia the patent aelf-lubricating piston, whereby a great 
Baring of time ia effected, and the great desideratum of proveoting the adliesioa of tlie brick to the 
mould has been obtained. 

Tht proau of \auhirvj ia resorted to for the effectual acparation of limeslones and other sub- 
(tanoes ftom earths into which they, injuriously to the manufacture of clay wares, intrude ; or for 
Iboee cloteen of briclcs, such as London stocl^ with which for a special object chalk is largely 
mingled with the clay. For such object Roller and llnrrow Waah-Milla are much used, and they 
ue applieable separately as ctmlk-mills. These mills are also used in eases where a special 
manufacture lenders the washing of the clay, or of the whole of the raw material, necessary. 
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■nppDTted at the top, bottom, and centre by the steps V, W, W ; to tLu shaft i« fixed a 6-«ij 
bMJn-aocket Y, into which ore fitted and secured six harrow beams, two of which are ahown^ 
£, E, Fig. 1326, radiating from Y. Upon theao beams E, E, are fastened harrows F, P, b; meaiu 
□f cbBUi Elinge g, g, which when the mill is at work permit of the harrowa m^Ving « ng-sag 
motion. The chalk race D is furaUhed with three Bpike-tnllera, one of which is iliown, id 
Fig. 1326, &t H. Besides the haxro^t we hare mentioDed, there are two others attached to their 
respective beams E in the chalk race D. 

The ends of the harrow beams E are supportod b? tie-bolts K, E, K, El, which are Becnied to 
a lug-ring h at the top rA the centre shaft A. The tie-bolts are carried through the Inga on lli> 
beam-caps p, and can be tightened np when required bj the nuts at p. Scmpen T T are Bxed it 
the endi of the beams to keep the sides of the races dean. Motion is ffiveu to the central alufl 
throogh a bevel-pinion R on the lay shaft S and bevel-wheel O keved on the oentml shaft A. 
Thin berel-wheel O works on anlifrictioQ rollers P, P, fitted beneath it. Chalk is thrown into the 
hopper B (secured on to and revolviug with the beams £), and passes into the chalk l»oe D, where 
water is introduced. The matehal ^oomes quickly liqnefied, and peases tiuou^ the Ap«rtiin« 
Z Z into the clay race O, wherein is thrown the day, ka., required to be washed, which ft ba« 
worked by the lurrows, reduced to a thick liquid state, uid sjnalgsmated with the chalk water. 
The limestones precipitate, and the liquid mixture ia let off through the sluice L and outlet H 
to the " back," or reservoir, where it remains untU of suitable consistency for being moulded. 

OviAuuf.— In Fig. 131^ A ia the reoeiving-hoppei of Clayton's Clay.crushing Mill, into which 



vm. 




the earth requiring to be crushed is thrown. B, B', are cast-iron chilled rollers, bored and keyed 
upon wrought-iron shafts, which work in gun-metal bearings. The rollers B, B', may be eet nearer 
or closer, as desired, bv means of the set screws C, C, so that the stones and lumps of bard ds; 
may be crushed as well as the finer material. The macbioe is fixed upon a strong timber bamiiiK ; 
round the receiving-hopper A a platform is usually erected for the convenience of wheeling the 
day to the mill. 

Vertical Fagging and Moulding Mac/line. — The machine of which Fig. 13Z8 is a side elevation 
and Fig. 1329 a plan, is sometimes termed a tim-procgsa brick-making machine. This machine of 
Clayton and Co. is very substantial and complete ; C is a cast-iron vertical cylinder fitted at top 
with a sheet-iron hood or guard H (for convemeDce in Feeding), mounted and bolted firmly apon a 
strong cast-iron framework F F and foundation-plate F'. B S are two side frames, also bolted to 
framework F F and to foundation-plate F', whose duty is to oarry the expressing or mould- 
feeding rollers B B. The vertical cylinder C is furnished with a strong, aqoare, wrought-iron pug- 
shaft B', turned at ends, and into which are fitted and secured single wrought pu^ng-knivee 
or blades B B B B, so disposed as to form sections of a screw, and at bottom of the cylinder one 
double delving-blade or sweeper D, forged in form of 3- Motion is given to this pug-sboft S' by 
means of bevel-wheel W, keyed upon the vertical shaft, and pinion W fitted upon the pulley- 
shaft A underneath the cylinder-ptate F. The vertical shaft S' runs in a step T bolted to the 
foundation-plate F', and is supported by a collar B' in the cylinder-plate F, and also by a bridge- 
bar B' fitted at the top of cylinder, thus rendering the whole substantially rigid. A aluice- 
valve V is adjusted at the bottom aod outside of the cylinder C, opposite to the ezpreasing- 
Tollets B B, fitted with regulating-screw and wheel 8'. Two wrought-iron carriage-bars C C are 
bolted to cylinder-frame F F and roller-frame S 6, into which are fixed small roUeia B' B', 
making a oamework bridge for the passage of the pugged earth from the sluice-valve V to the 
rdlersBB. 

PP are segmental packing-pieces of wrought iron inserted in suitable recesses inside the 
roller side &ames S S fitted with set screws, so that tfaey may be pressed against the ends of the 
rollers B B, to prevent the passage of the clay between the rollers and the side f^Mnes, and 
oompensate for the wear of these ports. The rollers B R receive motion by suitable strong spur- 
wheel gearing from the horizontal pulley-sbsft A and pinion P', through the intermediate sWt 
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the ptJm down. As each brick or gabatanee ia removed tlie palm h aeaiii a«cend« to receive the 
next brick, and the empty mould a conveyed away to be refilled. On the aame principle that one 
brick or substance ia compressed in the manner desoribed, two or more can be made at one stroke 
by nsing several plnngers, and bUo can be driven out of the moulds by a second set oT plungers. 

Figs. 1337, 1338, show another arrangemeiit of Lorge's machine. The bricks nude by thia 
machine are not burnt, but merely mixed, in proportionit of sand and cement, and pressed into 
moolds of the required size ; the; are then laid on the ground or on shelves for forty-eight hours, 
to harden, after which they are stacked in the open sir, exposed to the weather, and in fourteen 
days are ready for use, Tliese bricks increase in hardnese for twelve months, after which the; 
resist the action of frost, and do not absorb moisture. The first patent for making concrete bricks 
waa that of Hustwayte and Gibson, in 1 853. In 1856 L. D. Owen introduced a, plan of making 
concrete bricks which has been worked most succeasfull; in South Wales, In the town of Newport 
many of the houses are built of these bricks, and one firm in the town manu&cturea 50,000 b week. 

Thomas Don, the emineut machinist, gives the fbllowing as the result of some eiperiinents by 
hydraulic pressure : — Sbawcd in Oiw. Cnuhid u. 

I. A stock brick, a* ordinarily made^ cracked at 1| .. 8 

3. A. eompreBed oonorete brick, composed of 1 part oement and) -,« ,b. 

6paitiooanesand,lida]ramade / '" " " *°A 

8. &nd-mads oonorete biiok, 1 part oement, 6 parts bnmt tottiufl - ,_ . 

and hog^ mixed, made 7 weeks / ' " " '" 

4. A malm iMTunr, very mil made and burnt 9 81 J 
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Fi^, 1.130 U A Ma elevatioii. Mid Fig. 1331 » 
front cli^vatinn. of (Hie if Luge's biick mtehino^ 
which may also bo t-iDployed for moolduig v 
compiessing peat or i«TuuJt ciml into bricks of arti- 
ficial fuel. 

A plunger a is Guiplnyed, to which a Tertinl 

ii|i and down in raitablA 

f<\ by an axis b driven in 

. horse, or muu^ 

power, and carryinj" n crank-pin 6*, which is re- 

cpived iuto a horizoiilnl alot in the atem of Uie 

plunger a ; beuistli wliich la a table e to mppott 

the moulcls d, which uimilds are shown detadud 

in Biile view at Fig. 13.13, end view at Pig. 133S, 

and plan view at Fig. 1334, and ore rectugnlir 

^mes open at the toji uid bottom, and po- 

toialed on bith sides and both enda. The moiijd 

is placed on the tabic, and into it there is Int 

innerted an iron nnllct or bed, shown detached in 

Fig. 1335: this bed is perfonted, and having i 

jirojcctian upon it to form an indent in the biuk 

to hold tlje mortar. The brick-msklDg oomposi- 

tion or material, or peat, turf, or amall oosii, <ir 

other snbstaiice to be operated upon, is then 

filled into the mould in enitable qnantitj, and 

•tiiea pallet alBo peifoiBted, 

end hnving a pnijeutioii upon it to form an in- 

dctiton the other aide of the brick. Orplain inn 

palU'td mn bo uned, nliirb would be the case for 

cociproHBing pest, turf, or smatl coal. Then the 

iron plate t, shown detached Fig. 1338, wbkb 

gives the required thickness to the brick, is pnt 

00 tiie top pallet. The mould thus chaned is 

pushed along the table ') and brought tinder the 

plun)!;Gr a, and the plunger ooming down oo the 

tnpofthoiron plntev powerfidly compresMH 

the eontcnta of the mould and forms the 

iiiattrinl into a brick, or any other fonn 

:li4!iirod. The jilunger imniediately risea, 

[Lud the first mould is pushed on, and the 

pliitc e is tftken out. whilst another similarly 

L'liDr^eil mould is brought into position to 

"" " " "' the next descent of 

after passing the 
pushed outwards until 
inies liver an n^iening in the table, as at 
ili|;bt1y Uf^-T than the inside of the 
Id. Wiiik' l>i<< mould is resting on the 
table c it receives a 
second plunger at the 
lower end of the itid /, 
whereby the brick or 
substance in the mould 
is forced out of it on to a 
palm g. which is held up 
against it bj a ooonter- 
balancc weighted lever 
h acting against tbe 
lower end of the vertiod 
rod ■'. The aeooud plun- 
ger has a reciprocating 
L vertical motion given to 
M it by means of a link. 
p wberebj it ia connected 
to a rocking lever /, the 
opposite end of whicb is 
similarly connected to 
the rod of the first plun- 
ger a. The finished 
brick or substanoe in 
the mould, together 
with the bottom and 



if — riTci ve tlie preamire at the 
I _ [ lUt Jilunger. Each mould ai 
1 ^ rii(iuldiii;{ p!nni;i't' ia pushed 
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Qte palm doim, Aa each brick or mbetBnoe ia lemoved the palm A agaiii uoendi to KoeiTe the 
UBit brick, and the empty mould ia conveyed away to be reAlled. On the aame principle that one 
Iniok or aabBtanoe is compresaed in the manner described, tvo or more can be made at one stroke 
by naing BeTeral pluneera, and also can be driven out of the moulds by a second set of plungers. 

Figs. 1337, 1339, show another arrangement of Lorge'a machine. The bricks made by this 
machine are not burnt, but merely miied, in proportiouH of sand and cement, and pressed into 
moulds of the required size : they are then laid on the ground or on shelves for forty-eight hours, 
to harden, aiter which they are stacked in the open air, ezpo««d to the weather, and in fourteen 
days are rc«dy for use. These bricks increase in hardness for twelve months, after which they 
re«rt the action of frost, and do not absorb moisture. The first patent for making concrete briclm 
was that of Hustwayte and Gibson, ia 1853. In 1856 L. D. Owen introduced a plan of making 
concrete bricks which has been worked most successfully in Sooth Wales. In the town of Newport 
manj of the honsea are built of these bricks, and one firm in the town mannfactDres 50,000 a week. 

Thonui Don, the eminent machinist, gives the following as the result of some experimeDts by 
brdluilicprewnre:— ShoiraclHtasw. Onibadu. 

I. A (took brick as ordinarily made, cracked at 1) .. 8 

8, A oompnMed ecmotete brick, compoeed of 1 pkrt cement andl jq |g, 

6 paiti ooMK tMid, Hdaysmaae / ^° 

8, Baad-mtidt ococrete briok, 1 part cement, 6 p«rta burnt l>alltul\ - ,7 , 

and bt^a mixed, made 7 weeks / ' " " " 

4, A malm pftnoor, very well made and bnint H SI} 
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e thoroughly seaaoned, end the 




ig <4 Bricit. — The mould. Fig. 1339, for forming the bricks is -^ to ^ larger than the size 
of the briok to be made, as the claj sluinka in buniing. 

Brick^noulds may be made of any hard wood, which should b 
cdfCM, which wear very fast, should be protected by a thin strip 
of turn. Honlds should be frequently gauged, especially when 
tke briok-makers find their own moulds, or the bricks made will 
yarf tU7 much in thickness. Brick-moulds are now made 
tinod with brass, which shows the importance attached to the 
ocrrect moulding of bricks. 

Two methods of moulding are employed, oamely, ilop and an 
tnonliling. In the former the mould is dipped in water every time | 
it is used: in the latter it is sprinkled with fine Band, or with ashes 
bom aa old briok kiln. In either case the brick-earth should 
Bot be tued too wet : and it shonld be pressed carefully and 
[hraoiiglily,soa8toflllthemoiilds. ThesaperBuouBearlhiBtheD 
UtMTTed by a itriie, which Is a straight-edge of wood or metal passed along the top of the mould. 
nil jimssnil well down on its edges. Steel strikes are best, as wooden ones are eat by the edge of 
be brick-mould, and then scrape away too much of the surface of the brick, thereby rendering its 
hiekneaa irrwular. 

Bricks made by hand are moolded on boards or benches : in India, mostly on the ground, which 
honld be made as imooth and even as possible. At Boorkee, smooth plastered terraces have been 
laed, the sorfoce sprinkled with Sne sand or ashes. The bricks are moulded side by side till the 
cotMce is covered ; tbey are then left on it till dry enough to be Inmed on edge without lo«8 of 
ihstpe : then, after another short interval, stacked, or, as it is called, laid in a hacJi. 

Xtrying. — The bricks should be left in stack until thoroughly dry, as, if put into the kilns damp, 
he strong heat of the hiln will dry them too suddenly, and probably split or partially disintegrate 

In drying bricks, they must be protected from the sun, wind, rain, and frost ; and each brick 
miut be dried uniformly from the surface to the centre. 

Blop-maulded bricks are usually dried on flats or on drying-Soors, where they remain from one 
dkj to five or six, according to the state of tbe weather. When spread ont on the floor they are 
sjMnkled with sand, which absorbs the superfluous taoiature, and renders them less liable to crack 
m the fan. After remaining on the floors until sufficiently hard to handle without injm;, they 
ue bant np into backs nnder cover, where they remain from one to three weeks, until ready for 
the kiln. In wet weather they are spread out on the floor of the drying-shed, and great care must 
then be taken to ayoid draughts, which would cauMe the bricks to dry faster on one side than the 
other. To prevent this, boiuxis set edgeways are placed all round the shed to check the currents 
ofalr. 

The noimd required for drying bricks in this manner is oompatatiiely small, aa they remain 
Ml the DootB bnt a short time, and occupy little space when backed in the hovels. The produce 
of a single moulding-stool by the slop-moulding process seldom exceeds 10,000 a week, and the 
area oooupied by eaui stool ia, therefore, small in proportion. Half an acre for each kiln may be 
CDUsidered ample allowance for the working floor and novel. 

In plaoea where brick-making is conducted on a large scale, drying-sheds are dispensed with, 
uid the backs are usually built in the open air, and protected from wet, frost, and excessive heat, 
I7 straw, reeds, matting, canvas screens, or tarpanlins. 

Bricks intended to be clamp burnt are not dried on flats, bnt are hacked at once on leaving the 
nonldiiw-stool, and remain ii*the hacks much lon^ than bricks intended to be kilned. This is 
reDderedneoessary by the diflerence between clamping and kilning. In the latter mode of burning, 
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BRICK-MAKING MACHINES. 



The Madras maund is 24 or 25 lbs. ; the Bombay maund 28 lbs. ; the Snrat matmd 41 lbs. ; and 
the bazaar maund 82f lbs. 

In London, close instead of open clamps are employed, no spaces being left between the bricks. 
Each brick contains in itself the fuel necessary for its vitrilication ; the breeze or cinders serving 
only to ignite the lower tiers of bricks, from which the heat gradually spreads over the whole 
clamp. 

Indian Clamp. — The native clamp, or pajdwdh^ is an arrangement for brick-bnming in the open 
air, somewhat resembling the English damp. The bricks and fuel are laid alternately, the 
former in courses of four or five bricks, the latter of 2 or 2\ ft. in thickness, the proportion of fuel 
being diminished towards the top. The whole is generally built with one side abrupt and nearly 
vertical, and with a long slope on the other. The fuel consists of dry grass, wooden chips, khdt 
(manure), koorah (litter, miscellaneous dry sweepings), and oopla (dried cow-dung), and very gene> 
rally a layer of wood imder all. 

The form of the pajdwah is generally triangular ; its floor smooth and sloping at an angle of 
15°, being lowest at the angle, where it is lighted. The upper surface slopes at an angle of about 
30°, in the direction of its length. 

The following is a note on brick-burning in pajdwaJis, by Lieut. J. Finn, formerly Executive 
Officer of Materials at Roorkee : — The quantity of fuel used in the Hindoostanee kilns at and near 
Boorkee is about 6 in. thicker than the layer of bricks placed over it ; that is to say, if the fuel is 
3 ft. in thickness, the layer of bricks placed on the top of it should be 2^ ft. or five bricks high ; 
each brick being 6 in. wide. A kiln now being filled at Roorkee has a layer of wood about 1 ft. 
deep all along the bottom, but none in the second or third tiers, excepting a small quantity at the 
mouth of the kiln to ensure its speedy ignition. When the kiln is ready for firing, about 1 ft. in 
thickness of fuel is spread all over its top, and over that 1 ft. of ashes. 

The under-mentioned quantity of fuel will bum one lakh of bricks in a native kiln, namely, 
825 2-bullock cart loads of khdty 750 maunds of oopla, and 100 maunds of fire-wood. 

Once a kiln is filled, covered over on the top with ashes, and fired, it is not liable to injury 
from high strong wind ; nor will a heavy fall of rain harm a kiln when in the above-mentioned 
state. 

The size of bricks used in masonry works of the Northern Division, Ganges Canal, is 
12 X 6 X 2^ in. 

The sooner a Hindoostanee kiln is fired the better. When about one-third filled, the kiln 
ought to be lighted, for the fire will bum quicker and more equably before the fuel becomes com- 
pressed and partly decayed than it would otherwise. 

The fuel used in a pajdwah consists of all kinds of combustible refuse of towns and villages, 
and oopla and dung made into cakes well dried in the sun. Oopla and huddy khuddy (bones and 
pigs* dung) have been weighed before being put into kiln ; of the former, from 1500 to 1800 
maunds ; of the latter, from 300 to 600 maunds ; and about 6000 maunds of koorah (village refuse) 
are required for one lakh of bricks. Small quantities of wood have sometimes been put into kilns, 
but it proved disadvantageous, and the use of wood and koorah conjointly is injurious. 

The time occupied in loading a kiln varies from two to three months for each lakh. Experience 
has convinced brick-makers in India that the sooner a kiln is fired the better. The rule is that 
when 40,000 or 50,000 bricks were piled into the kiln, it should be lighted ; the progress of the fire 
being slow, any nxmiber of bricks can be piled afterwards. 

Figs. 1342 to 1344 show sections of a brick clamp as burnt by Oaptain Sage. CJontents of 
kiln. Fig. 1342 : — Small wood and chips, 600 maunds ; coal in layers, 750 maunds ; bricka, 206,000. 
(jontents of kiln, Fig. 1343 :— 75,000 bricks ; 1185 maunds of wood. 
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Ground Plan similar to that of Fig. 1343. 
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Burnt viUi wood at JuLipoor. PIaii of ChuUha, 

Tariooa experimenta irere made in Bengal, and the resnit publiahed hj the Military Boaid, 
in 1827 and 1S2B, on the hnmiDg bricks in dan^, both with wood snd coal. The clamps were 
built with flnea as de«cnbed in the English Mm, bnt mnaller, and filled with well-dried chips or 
bnuhwood. Fot the fDel above the flues, green wood waa preferred, ae retarding the Are; wood- 
loaded kilos geneially bnrDini; too rapidly, and causing great loss by vitrifying the brickB ia 
the centre. The wood was split np into pieces not exc^ing 4 or 5 in. in tBckness, and so 
arranged as to leave level surfaces, lot the layers of bricks to be laid upon. The fiues wore 2 ft. 
high and 9 in. wide, with thfee bricks laid flat on them, having narrow intervals to allow of the 
fire ascending from the flues. The clamps were finished with altemata layers of brick and fuel, 
the bricks being laid touching each other thronghout, the interstices formed by their oontraction 
under the great heat being sufficient to ensure the flring of the npper layers of fuel. The sides 
of the cUmp were then bmit up with mud and broken bricks, well plastered with mud to exclude 
the six. 

Besides the advantage of cheapness, coal is shown to be in many other respects superior, as 
fael, to wood ; the space occnpied by it between the layers of brick is so much smaller, that the 
clamp sinks much tees, and its outer casing is less deranged. The wind which int^erea with 
the gradual and equable process of the Are is thus better kept out The loss by breakage ia like- 
wise much [ess, and the bricks from being burnt more slowly are more compact. The coal should 
be broken into pieces not exceeding 1 in. in diameter. In kilns, likewise, cotd must have like 
advantages over wood except as regards the greater displacement of the casing i^ the clamps ; the 
permanent walls of kilns not being liable to this contingency. Kiln walls may be bnilt of brieks 
plastered with mud, and repaired with the same material from time to time ; they should slope on 
the outside about 1 ft. in 5. 

Another construction, by^ Capt. Bell, Fiin. 1345, 1346, seems well adapted to prevent the 
sinking of kilns when wood is used as fuel. The wood is everywhere contained in flues, crossing 
each oUier at right angles, the walls of which are supported by layers of bricks on edge, completely 
covering the area of the kiln. 

The ground layer of four flat bricks being laid with equidistant flues, they are fllled up with 
light wend and dry chips, over which two bricks are laid flat ; on this is formed a second set 
of flues, running scroes the ground fluea, and, after Siting up between the flues with wood, the 
whole area is built oyer with three bricks on edge, the length of the bricks numing in the same 
direction with the flues and wood. The full height is formed by an alteroation of flues and solid 
ss of bricks, as shown in Fig. 1346. Two rows of bricks laid flat teem to be requisite above 
' " ' ■ ' ' ' ' rhilst the ruel is being 



tech set of flues, to prevent the bricks oi 



e liam falling into them, whilst tl 
To (Jose the olamp, extend the fine opening as at a, Fig. 134S, one brick in length, and oc 



Brid Clamp barat by Captsia Bell at Bardwan. 




LMtptadinal Section. 
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BRICK-MAKING MACHINES. 



The Madras mannd is 24 or 25 lbs. ; the Bombay maund 28 lbs. ; the Snrat maimd 41 Ibe. ; and 
the bazaar maund 82f lbs. 

In London, close instead of open clamps are employed, no spaces being left between the brido. 
Each brick contains in itself the fuel necessary for its vitrification ; the breeze or cinders senring 
only to ignite the lower tiers of bricks, from which the heat gradually spreads over the whude 
clamp. 

Indian Clamp. — The native clamp, or pajdvoah, is an arrangement for brick-boming in the open 
air, somewhat resembling the English clamp. The bricks and fuel are laid alternately, the 
former in courses of four or five bricks, the latter of 2 or 2^ ft. in thickness, the proportion of fuel 
being diminished towards the top. The whole is generally built with one side abrupt and nearly 
vertical, and with a long slope on the other. The fuel consists of dry grass, wooden chips, kkU 
(manure), hoorah (litter, miscellaneous dry sweepings), and oopla (dried oow-dungX and very gene* 
rally a layer of wood under all. 

The form of the pajdwah is generally triangular ; its floor smooth and sloping at an angle of 
15°, being lowest at the angle, where it is lighted. The upper surface slopes at an angle of about 
30°, in the direction of its length. 

The following is a note on brick-burning in pajdwahs, by Lieut. J. Finn, formerly Exeeutife 
Officer of Materials at Roorkee : — The quantity of fuel used in the Hindoostanee kilns at and near 
Boorkee is about 6 in. thicker than the layer of bricks placed over it ; that is to say, if the fuel is 
3 ft. in thickness, the layer of bricks placed on the top of it should be 2^ ft. or five bricks high; 
each brick being C in. wide. A kiln now being filled at Roorkee has a layer of wood about 1 ft 
deep all along the bottom, but none in the second or third tiers, excepting a small quantity at the 
mouth of the kiln to ensure its speedy ignition. When the kiln is ready for firing, about 1 ft ia 
thickness of fuel is spread all over its top, and over that 1 ft. of ashes. 

The under-mentioned quantity of fuel will bum one lakh of bricks in a native kiln, namely, 
325 2-bullock cart loads of khdtj 750 maunds of oopla^ and 100 maunds of fire-wood. 

Once a kiln is filled, covered over on the top with ashes, and fired, it is not liable to injnij 
from high strong wind ; nor will a heavy fiedl of rain harm a kiln when in the above-mentioned 

state. 

The size of bricks used in masonry works of the Northern Division, Gktnges Canal, ii 
12 X 6 X 2^ in. 

The sooner a Hindoostanee kiln is fired the better. When about one-third filled, the kiln 
ought to be lighted, for the fire vrill bum quicker and more equably before the fuel becomes com- 
pressed and partly decayed than it would otherwise. 

The fuel used in a pajdwah consists of all kinds of combustible refuse of towns and villages, 
and ooph and dung made into cakes well dried in the sun. Oopla and huddy khuddy (bones and 
pigs* dung) have been weighed before being put into kiln ; of the former, from 1500 to 1800 
maunds; of the latter, from 300 to 600 maunds; and about 6000 maunds of hoorah (village refuse) 
are required for one lakh of bricks. Small quantities of wood have sometimes been put into kilns, 
but it proved disadvantageous, and the use of wood and hoorah conjointly is injurious. 

The time occupied in loading a kiln varies from two to three months for each lakh. Elxperienoe 
has convinced brick-makers in India that the sooner a kiln is fired the better. The rule is that 
when 40,000 or 50,000 bricks were piled into the kiln, it should be lighted ; the progress of the fire 
being slow, any number of bricks can be piled afterwards. 

Figs. 1342 to 1344 show sections of a brick clamp as bumt by Captain Sag^. Contents of 
kiln. Fig. 1342 : — Small wood and chips, 600 maunds ; coal in layers, 750 maunds ; bricka, 206,000. 
Contents of kiln. Fig. 1343 :— 75,000 bricks ; 1185 maunds of wood. 
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Ground Plan similar to that of Fig. 1343. 
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which is osnally the case when stacked for building, they take up a large quantity of water, which 
they never entirely part with. Ordinary London stocks absorb about one-fifteetUh part of their 
weight of water in the process of building, most if not all of which they lose again by evaporation. 

Brickwork built with Portland or Koman cement requires a weight of about 30 tons a 
superficial foot to produce fracture by compression ; and when built with blue lias lime mortar, 
thoroughly set, it requires about 20 tons. When Portland cement is used, fracture almost 
invariably takes place in the bricks ; but with Roman cement, particularly when used with much 
sand, fracture sometimes occurs in the cement itself, and stiU more frequently when mortar is the 
cementing material — a result naturally to be expected from a consideration of their relative degrees 
of strength. See Constbuction. 

BRICK -NOGGING. Fr., Remplissage de briqucs cTun chassis de charpmU; Geb., Fullmauer- 
werk ; Ital., Muratura di riempimento. 

Brick-nogging or brick-nog partition, is a description of walling consisting of brickwork and 
timber. It is usually made of the width or thickness of a brick, and is framed similar to a wood 
partition, the quarters or studs being 2 or 3 ft. apart, with brickwork filled in between them ; 
horizontal pieces, called nofjipmj-pieces^ are also laid in regular tiers between every two courses of 
bricks. Although brick-nogging does not add to the strength of a partition, it is some little 
security against fire. 

BRICK-TRIMMER. Fb., Ench^vetruve de hriques d*une chemin€e ; Ger., Gurt bogen im Kamin ; 
Ital., Arco di mattoni. 

Brick-trimmer is the term applied to a brick arch abutting against the wood trimming just in 
front of a fire-place, and used to support the hearth. 8ee Fig. 271, p. 121. 

BRIDGE. Fr., Pont; Gkr., Briicke; Ital., Ponte; Span., Puente, 

Bridges are structures, usually of wood, stone, brick, or iron, erected over rivers or other 
watercourses, or over ravines or railroads, to make continuous roadways between banks. 

A draw-bridge is a bridge so constructed that a part of it may be temporarily removed, or 
drawn aside, to allow the passage of vessels ; called also a swing-bridge, or bascule-bridge , when the 
part which opens turns laterally on a centre or end pivot. In mathematics and mechanics the 
terms laterally, lateral, and laterality, or the quality of having distinct sides are often misapplied. 
Lateral, as an adjective, signifies proceeding from, or attached to, the sides ; as, the lateral branches 
of a tree ; lateral shoots ; or as an adjective this term may signify, directed to the side ; as, the 
lateral view of an object. Sometimes, in mathematics, an equation of the first degree is designated 
as a lateral equation. In mechanics, lateral pressure or stress is a pressure or stress at right angles 
to the length, as of a beam or bridge ; distinguished from loiujitudinnl pressure or stress. And 
lateral strength is that strength which resists a tendency to fracture arising from lateral 
pressure. 

In the sequel, we treat of the construction and mechanical requirements of Draw, Girder, 
Lattice, Truss, Tubular, Flying, Suspension, Skew, ami Trestle bridges ; after we have examined the 
nature and actions of pressures, thrusts, and tensions. 

Equilibrium of Pressures, Thrusts, and Tensions ; — Forces. — ^Anj'thing which cannot be presented 
to the senses must be represented conventionally, or no idea of it can be entertained by the mind. 
We have no objection to represent the magnitudes and directions of forces, velocities, pressures, 
thrusts, and tensions by straight lines of difierent lengths, and in different positions ; but we 
object to the careless manner in which writers on mechanics represent forces, pressures, velocities, 
&c., by straight lines, triangles, and parallelograms, out of all proportion, and often, too, without 
the least regard to the action, direction, or nature of the force considered. In the article on 
Boilers, p. 425, we gave a conventional signification to the areas of plane figures, but in the 
present article the sides and angles of triangles, parallelograms, ana other plane figures are 
employed to give an idea of mechanical operations and combinations, where the principle of work 
does not apply, as rest and not motion is here principally considered. 

When comparing graphically the action of statical forces, it would be convenient to put a split 

arrow (air~~7) ^ designate the directions of tensions, the arrow without feathers ( -^) 

to point out the directions of thrusts, while the complete arrow ( H ^ » might be applied to forces 

in general. K three forces P, Q, R, Fig. 1347, be represented by the abstract numbers, 6, 4, 3, 

respectively, then if A B C be a triangle whose side ^^^ 

AC = 6, AB = 4, BC = 3, equal parts taken from '^^ 

any scale of equal parts; let PO be a tension equal 

and parallel to A C, Q O a tension equal and parallel 

to A B, R O a tension equal and parallel to B C ; these 

three tensions will keep the point O at rest. Three 

thrusts represented by three lines PO, O Q, O R, whose 

lengths are as 6, 4, and 3, respectively, and parallel to 

the sides of the triangle ABC, will also keep the point 

O at rest. Take A T equal and parallel to B C, then 

the two thrusts represented in magnitude and direction 

by the lines T A, B A, and the tension represented in 

magnitude and direction by the line A C, will keep the 

point A at rest. Again, if B S bo et^ual and parallel 

to A C, tensions represcnte<l by A B, B S, and a thrust, 

G B, wiU keep the point B at rest. 

Let P A, Q R, Fig. 1348, be a parallelogram, if 
PA, QA, represent the magnitudes and directions 
of two forces, two pressures, two thrusts, two tensions, or two velocities acting on the material 
point A ; then the diagonal R A will represent the magnitude and direction of a single force, 
pressure, thrust, or tension, equivalent to the operations represented by the lengths and oizeotionB 
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It irith two flftt bricks. Then bnUd np, vith m 

(with half-dried bricks, or any kind), over which , , . 

top downwards, ^i^uiS it b gi™ coat of mnd plaster. The mud ahonld not be thickly laid on, bd 
well robbed into the grasa. If thick, the heat of ttio Sre and aim toakee it peel off and admit tin 
ait, before the Sie hag gi>ne through the kiln. 

One great error appears to covaiMi in putting li^e maaaes of wood iota the vnw tier flnea : tt 
is tbos that so much material l>eoomee ritrified. The ground flues ought to be filled (but not 
choked) with good dry fuel intermixed with ohipe, bo as to commnnlcate quickly throiigh lb* 
whole. The wood of the first tier should be reasonably large, with some small pieces or chipt ; 
and in cTery higher tier in sm^cesiiou they ohould be less in siie as well as in qnantitj ; becsose, m 
all the Are and heet rise fioio below, the higher tier has the advantage of sJl the foregoing flue flm 
in addition to its own. Previous to its igmtioo, too many bricks ghould not be piled above wood, 
however great the quantity of the latter, or they will be irregularly burnt and much fuel wasted. 

See BoKD. BoND-ConusE. Bbickwobk. Constrcction. Kiim. Stohb, Artificial. 

Worla and Paperi rrlatinq to Brick-makinri : — Brughat, 'L'Art du Briqaetier,' 2 vols., 1861. 
Dobaon <E.), ' On Bricks and TUes,' 1868. Medley (F. G.\ ' Koorkee Tioattse on Civil Enginew- 
ing.' Papers by CUft, Fothcrgill, and others, in the ' Trans. InsL Mecbftnical Bngineera.* 

BRICKWOBK. FB., Mnfonnerie de bHgiia; Obb., Mautrarhtit, Ziegdteeri ; Itai,., MaOmMle; 
Bfan., £niadrilhdo. 

A term used in the art of coustmction to denote the combination of bricks with mortu oi 
ennent. 

Architects and snrveyon in the neighbourhood of London adopt as their staDdud of mea«n«- 
meut for brickwork the square rod of 272 ft, auperflciol, reduced to a thickness of 1^ brick. In tha 
provinces and by civil engineers the cubic yard is more commonly used. 

A roi of reduced brickwork of four cnuraes to the foot in height requires 4S5G bricks, and a 
cubic yard reqoires 334 bricks. 'When the mortar-joiDts ore limited to 1 of an iu. in thickness, 
the rod of brickwork contains 258 ft, culie of bric^ and 4S ft. cube of mortar; the cubic yard 
oontaiuB 22{ ft. cnt>e of bricks and 41 ft. cube of mortar. When the joints are 1 of an in. io 
thickness, the rod of brickwork contains 235 ft. cube of bricks and 71 ft. cube of mortar; the 
cubic yard contains 20 j ft. cube of bricks and 6^ ft. cube of mortar. 

The proportions, in general, of bricks and mortar in any given quantity of brickwork vary 
according to the size of the bricks and the thickness of the mortar-joints. In practice, 3 cubio 
yards of mortar are allowed to a rod of brickwork, and 36 bushels of Roman cement with an eqoal 
quantity of sand ; but whcu Portland cement is used there should be allowed about 38 bushels of 
cement to an equal quantity of sand. When Ibo proportions of Portland cement to sand arc to bo 
as 1 to 2, 25 bushels of the former and 50 of the latter will be required for a rod of brickwork. 
i2C} gallone of water are usually allowed to a rod of brickwork to slake the lime and mix the 
mortar. Cement requires rather more Water, particularly Roman cement, which absorbs it very 
rapidly. 

Tiie weight of bricks varies considerably, some weighing only 5 lbs. and others 7} lbs., sod ia 
Knne cases as much as 9 lbs. each. For the purpose of calculation, however, the weight of s rod 
of brickwork just built may bo taken at 16 tons, wiiich will probably be reduced to 15 tons whai 
the work becomes thoroughly dry. 

Some bricks are very porous, aud will absorb more than onr-f/lh of their weight of water, if 
immersed in it soon after their withdrawal from the kilo. When bricks are eipoeed to the rain. 
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which ie usually the oaae when stacked for building, they take up a large quantity of water, which 
they ncTcr entirely part with. Ordinary London stocks absoro about one-fifteenth part of their 
weight of water in the process of building, most if not all of which they lose again by evaporation. 

Brickwork built with Portland or Koman cement requires a weight of about 30 tons a 
superficial foot to produce fracture by compression ; and when built with blue lias lime mortar, 
thoroughly set, it requires about 20 tons. When Portland cement is used, fracture almost 
iuYariably takes place in the bricks ; but with Boman cement, particularly when used with much 
sand, fracture sometimes occurs in the cement itself, and still more frequently when mortar is the 
cementing material — a result naturally to be expected from a consideration of their relative degrees 
of strength. See Constbuotion. 

BRICK -NOGGING. Fb,, Sempiisstuje de briqucs (Tun chassis de charpente; Geb., Fulimauer- 
werk ; Ital., Muratura di riempimento. 

Brick-nogging or brick-nog partition, is a description of walling consisting of brickwork and 
timber. It is usually made of the width or thickness of a l)rick, and is framed similar to a wood 
partition, the quarters or studs being 2 or 3 ft. apart, with brickwork filled in between them ; 
norizontal pieces, called noggtmj-pieces, are also laid in regular tiers between every two courses of 
bricks. Although brick-nogging does not add to the strength of a partition, it is some little 
security against fire. 

BBIGK-TBDIMEB. Fb., Ench^truve de hriques d'une chemin^c; Geb., Qurt bogen im Kamin ; 
Ital., Arco di mattoni. 

Brick-trimmer is the term applied to a brick arch abutting against the wood trimming just in 
front of a fire-place, and used to support the hearth. See Fig. 271, p. 121. 

BRIDGE. Fb., Pont; Geb., BrUcke; Ital., Ponte; Span., Puente, 

Bridges are structures, usually of wood, stone, brick, or iron, erected over rivers or other 
watercourses, or over ravines or railroads, to make continuous roadways between banks. 

A draw-bridge is a bridge so constructed that a part of it may be temporarily removed, or 
drawn aside, to allow the passage of vessels ; called also a swing-bridge, or bascule-bridge, when the 
part which opens turns laterally on a centre or end pivot. In mathematics and mechanics the 
terms laterally, lateral, and laterality, or the quality of having distinct sides are often misapplied. 
Lateral, as an adjective, signifies proceeding from, or attached to, the sides ; as, the lateral branches 
of a tree ; lateral shoots ; or as an adjective this term may signify, directed to the side ; as, the 
lateral view of an object. Sometimes, in matliematics, an ec^uation of the first degree is designated 
•a a lateral equation. In mechanics, lateral pressure or stress is a pressure or stress at right angles 
to the length, as of a beam or bridge ; distinguished from lon/jitudiwU pressure or stress. And 
lateral strength is that strength which resists a tendency to fracture arising from lateral 
pressure. 

In the sequel, we treat of the construction and mechanical requirements of Draw, Girder, 
Lattice, Truss, TtUmlar, Flying, Suspemion, Skew, and Trestle bridges ; after we have examined the 
nature and actions of pressures, thrusts, and tensions. 

Equilibrium of Pressures, Thrusts^ and Tensions ; — Forces. — An3rthing which cannot bo presented 

to the senses must be represented conventionally, or no idea of it can be entertained by the mind. 

We have no objection to represent the magnitudes and directions of forces, velocities, pressures, 

throats, and tensions by straight lines of difierent lengths, and in different positions ; but we 

object to the careless manner in which writers on mechanics represent forces, pressures, velocities, 

Ac, by straight lines, triangles, and parallelograms, out of all proportion, and often, too, without 

the l^tft regard to the action, direction, or nature of the force considered. In the article on 

BoiiiEBS, p. 425, we gave a conventional signification to the areas of plane figures, but in the 

present article the sides and angles of triangles, parallelograms, and other plane figures are 

employed to give an idea of mechanical operations and combinations, where the principle of work 

cUnsb not apply, as rest and not motion is here principally considered. 

When comparing graphically the action of statical forces, it would be convenient to put a split 

sutow (air~~7) ^ designate the directions of tensions, the arrow without feathers ( -^) 

^o point out the directions of thrusts, while the complete arrow (H — » might be applied to forces 

^n g^eral. If three forces P, Q, R, Fig. 1347, be represented by the abstract numbers, 6, 4, 3, 

^wpectively, then if A B G be a triangle whose side ^3^^ 

^^ C = 6, AB = 4, BC = 3, equal parts taken from "^ 

^ftny acale of equal parts; let PO be a tension equal 

^uid parallel to A G, Q O a tension equal and parallel 

'te A B, R O a tension equal and parallel to B ; these 

"three tensions will keep the point O at rest. Three 

'thrusts represented by three lines PO, O Q, O R, whoso 

1«ng^>ia are as 6, 4, and 3, respectively, and parallel to 

the sides of the triangle ABC, will also keep the {mint 

O at rest Take A T equal and parallel to B 0, then 

the two thrusts represente<l in magnitude and direction 

by the lines T A, B A, and the tension represented in 

magnitude and direction by the line A C, will keej) tlio 

point A at rest. Again, if B S be equal and pfirallel 

to A G, tensions represented by A B, B S, and a thrust, 

OB, will keep the point B at rest. 

Let P A, Q R, Fig. 1348, be a parallelogram, if 
PA, QA, represent the magnitudes and directions 
of two forces, two pressures, two thrusts, two tensions, or two velocities acting on the material 
point A ; then the diagonal R A will represent the magnitude and direction of a single force, 
pressure, thrust or tension, equivalent to the operations represented by the lengtlis and directions 
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of P A (md Q A. Snob imBgioary pandlelngnnu forni a emt portion of the S 
wiiten OD mechanics. We bave iutrodactd Figs. 1347 to 1351 to illiuti»l« the a 
the diOerent fonna of airowa may be applied with adraDtage. The propertieB 

Pinted out in Fig. 1347 depend npoD the truth asaertad of the paraUelogTam 
AQR, Fig. 1348, which we will prove proKntly. 
The priiKiplt of nj^cient retaon ; frit employid by Archimedm in demoiutratoig 
the fvmlammtal propotitim! of mfchamc*. — Let P aod Q, Fig. 1319, be two equal 
forces acting in the bbido piane on the rigid pcrpeodicular prop A It, the point 
Bflied: farther, let these forces P, Q, make equal anglea, SAD, 8AB, with 
the prop A R, which may tnm to the right ot left round the filed point E. 
Bat as the forces F and Q and the angles B A S and D A S are alao equal, there \ 
il no reason vhy the post A K will turn to the right or left ; hence it will stand, 
and the two tensions will be neutralized by the perpendlcutarthnut of the post AB. Thiawecalli 
mechanical demonstnition, and the principle applied the principle of tagtcient Ttaton. For there is w 
reason why the postunderconsiderationshouldfalltooneaide more than another, hence we oonclods 
it will fall to neither aide. Let A BC D be a paralleli^ram whose sides arc all equal ; if the length 
of the line A B be taken (o represent the magnitude of the foro) Q, then A D will traly repnanit 
the force F ; and two other equal forces, V and U, applied to the point C, represented in magnituda 
and direction by the lines C D, C B, will oounteract the forces F and Q the same aa the post A B, 
the diaiconal A C being rigid. The principle of eufficient resHin applies here as in the former 
case. It is evident that any number of equal foroa may be applied in the directions of the 
arrows, P = Q = V = U, witnout disturbing the form of the eoual-sided parallelogram A B C D, 
or the position of the rigid diagonal A, The abstract truth of the parallelt^;ram of Ume», 
thrusts, tensions, pressures, or velocities may be established by reasoning as follows: Let ABCO 
be a parallelogram ; when its sides can be eipresaed by numbers, it may be divided into amaO 
parallelograms, the aides of which are all equal to one another. We have selected a very siuplg 
case, and taken O C = i equal parts and A O = 3 of the same parts. Let the force P he to tti« 
force Q aa m to n ; in the present example, P ; Q : : 4 : 3. 





grams, l>e introduced »a represented by the arrows in the figure, the combined action of the foroea 
P and Q will not be interfered with, nor will the equilibrium of the figure be distorbed. Take, 
for example, the small equal^ided parallelogram DBTL, and for a moment soppose the diagonal 
D T rigid ; then the principie of sufficient reaton applies to we forces introduced, and no disturbance 
takes place. Let ns now view these forces under another aspect The forces along the sidea of 
the small parallelograms on the tine U O are equal to the force P, bnt in a contrary direction, end 
hence destroys it. The forces represented on the line 9, 10, also destroy one another. This may 
be said of the forces on the line 7, 8 ; but the forces on the liue A B are not neutralized, and are 
exactly equal to the force P, but applied to the point B in the diagonal O B. Again, Uie forces 
along the sides of the small paralletograms on the lino A O are equal to the force Q, bnt in a con- 
trary direction, and bonce may bo said to destroy it. The forces pointed out by the arrows on the 
line 1, 2, also neutralize one another ; the same may be said of the forces supposed to be intro- 
duced on the line 3, 4, and so on, nntU we arrive at the forc^ pointed out on the last line BC, 
which, together, are exactly equal to the force Q, but applied to the point B in the diagonal O B. 
According as the equal porta be long or short, the point B will change its position ; but it will 
always bo in the diagonal O Z, and the forces o^-i-|-c^-d = Panda-^-/-^« = Q will in aU 
cases have their resultant position in the diagonal O Z. Had we supposed the force P to be 
divided into 1000 eqaal forces, O U would be represented by 1000 equal parts, and O A = Q woald 
then be composed of 750 such parts, and our reasoning on the 750000 equilateral small pandleli>- 
gtama offerees would result in the same conclusion, "llie equilibrium of^ forces and pressures may 
be illustrated in a practical way by a simple mcclianical contrivance, represented in Fig. 1351, 
easily constructed. Suppose P Q R to be a slate or board rolling freely upon three equal spherical 
balls placed on a horizontal table ABC. If any three points, F, Q, K, bo taken in the sajface 
of the plane movable on the balls, and cords, A P, B Q, C It, be attached, paasing over the pnlleya, 
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It is required to find whether the strnctnre will stand or fall, and what will be the amonnt of 
the pressure, P, just sufficient to overturn the solid mass of which A B T O is a crossHsection ? 

CP = VAC' + AP« = V7« + 42 = 80622577, 

CP : PA :: CO : OQ, 

or, 8-0622577 : 4 : : 8 : 3*969 = O Q. 

Since AT is a rectangular parallelogram, a vertical line, SGm, passing through the 
centre of gravity, G, divides the base OT into two equal parts. /. OS = ST = 3*3 ft. ; then 
we can compare moment of the wall = 860000 x OS = 2838000. Moment of the pressure 
= 320000 X O Q = 1270080 ; 2838000 being greater than 1270080, the structure will stand. 

Putting X for the pressure that will just overturn it, acting in the direction of P, then, 

ar X O Q = 2838000. .-. x =^J?^ = 715022 lbs. 

If P = 715022 lbs., the point R will coincide with the point O on tlie outer edge of the 
structure. 

Oemnctrical Proposition. — If the sides, or the sides produced, of one triangle, a, 6, c. Fig. 1359, 
be respectively perpendicular to the sides, or sides produced, of another, ABC, these triangles 
are similar, a Q, 6 P, 6 B, represent the 

three perpendiculars, angle C + C 8 P = *35». 1360. 

a right angle, angle c + c S Q = a right 
angle ; but angle S P = angle c S Q, 
/. angle c = angle C. 

In the same way the angle 6 may be 
shown to be eoual to the angle B ; and 
consequently the angle a = A. 

Funicular Polygon. — Funicular poly- 
gon ia the term employed to designate a 
polygon formed of rods, chains, or cords, 
whose angular points are solicited by 
any forces whatever. The equilibriiun 
of such a system of thrusts, tensions, &c., are subject to rules easily determined. First, let us 
suppose that the polygon has not all its sides in the same plane, and is represented by the contour, 
ABODEF, Fig. 1360. Let P, Q, B, 8, T, .... be the forces acting upon each of the summits 
A, B, 0, D, E ; the respective tensions of the sides A B, B C, C D, D E, E F, represented by T, Tj, 
Tj , T, , . . . . respectively. If the entire polygon is in equilibrium, it must be so for all the 
summits separately, and since T| must be equal and opposite to the resultant of T and P, it 
follows that any two sides imiting at the same summit, and the direction of the force acting upon 
this sununit, must be in tlie same plane ; and the tension Ti must be equal and opposite to the 
resultant of the force Q and tension T, , and consequently in substituting at the summit G, for the 
tension T, its two components P and T, the forces P and Q, and the tensions T and T,, supposed 
to be transferred to the point G, parallel to themselves, must be in equilibrium. We see also that 
the forces P, Q, B, and the tensions T and T,, supix)8ed to be transmitted to the summit D in 
parallel directions, must then produce an equilibrium. By continuing this process, we arrive at 
the conclusion, for the equilibrium of the funicular polygon, that when all the external forces and 
the tensions of the extreme sides are regarded as transferred parallel to themselves to any summit, 
they must necessarily produce an equilibrium there. These remarks are independent of the 
direction of the forces and the nature of the sides, and are applicable when the sides are sub- 
jected to efforts of compression instead of tension, with the reservation solely that the sides be 
sufficiently rigid to resist the compressions, without a change of form. Where the forces soliciting 
the funicular polygon are weights, in which case the forces P, Q, B, 8, . . . . are all vertical and 
parallel, and the polygon necessarily in one plane ; for, the direction of each force, and those 
of the two sides meeting at the summit, are in the same vertical plane ; and, as through one side 
we can draw but one vertical plane, it follows that the two vertical planes, containing the same 
side of the polygon, are coincident, and so for the other sides. Again, since all the external forces 
P, Q, B, . . . . and the tensions T, T^ , of the first and last sides are in equilibrium, T and T^ must 
also be in equilibrium with the single resultant of all the parallel forces. 

Deicnniiuition of the Tensions by a Graphical Construction. — If, in accordance with the preceding 
views, we describe upon the side A B, produced from any convenient scale of equal parts, a length 
equal to the tension T, and construct the parallelogram B a 6 (/, Fig. 1361, the side B a, measuired 
on the same scale of equal parts, will represent their tension, T| of the side B G, and the side B (f, 
the external force P. Then, if we draw through the point B, for example, a line B G* perpendi- 
cular to the directions of the forces P, Q, R, . . . . upon which lay off B G», G» D», D» E», E» ¥\ 
F' G*, proportional to the forces P, Q, R, 8, U, ana from the same point erect the line B O 
perpendicular to A B with a length proportioned to the tension T, or to B 6, the triangle BOG* 
naving two sides, B O, B G*, respectively perpendicular and proportional to the sides B 6 and B d 
of the triangle B 6 c/, must be similar to it by the geometrical proposition preceding. Then the 
third side, O G*, of the first will be proportional to the third side, 6 (/ or B <i, or to the tension T,, 
and will be perpendicular to the side B G of the polygon ; the following triangle will be in the 
same condition, in relation to the side G D, to the force Q, and the tension T, , which will be 
proportional to the side O D\ and so on. Then, if the weight soliciting the different summits of 
the contour A, B, G, .... are in equilibrium, and we lay off upon a horizontal line lengths 
respectively proportional to these weights, and then from points of this line corresponding to each 
summit draw straight lines perpendicular to the directions of the sides of the polygon, all these 
right lines will intersect at the same point, and their lengths will be proportional to the tensions 
of the sides of the polygon, which will thus be determined. If a line v Z be drawn parallel to 



a shiiU Jingle oot one : 




Letft 

. _. . . lepoie? 

From B to Ti lay off equal parts, equal to tho onita of veight in W : dim ran parallel to CB, 
iDl«r8«ctin^ B A in ffl ; drair m p par^ltil to B n ; therefore tHe anita iuBp vill gim the tenaka 
of the cord C B, and the unitx, measured on the same aoale of equal porta, in the diagonal B ■, 
will give the thrust nn the pole A B. 

Struts may be dietinguitihed from ties thna :— In Fi^. 1355, P Q, Q R, represent two b*r8 of ■ 
frame macting at the joint Q ; produce the lines of resistance beyond Q to S and T. Then » fom 
in the direction of the arrow A, between the angle PQR, both bars are stnta ; if the foroe be ia 
thodirectionof the arrow B, in the an^leTQP, then FQiaastmt, and QBk tie. Agsin, whea 
the force is applied in the direction of the arrow C. t>oth bars are ties ; and, lastly, when the foroe 
ia in the direction of the arrow D, in the an^le (4 Q R, then P Q is a tie, and Q B is a strut. 

A beam, A B, Fig. 1356, resting od a wall, C, and supported by a cord, Q A ; it is required to 
determine the direction and tension of the cord B F, so that the beam may not change ita poaition 
when tlie wall C is removed, the point B Ijeing al>» given ? 

Let G bo the centre of gravity of the tieam, through which draw the vertical line Q i in the 
direction of the plumb line, to meet Q A produced in s, join s B, and produce it ; B P in the dirwy 
tion of aB shows the direction a cord fastened at B must take so tliat the beam will not cbuigeill 
position when the wall C is removed. 




To And whether a pier, or other snpport, 8T, Fig. 1357, will ovortnmbj the at 

P, or the TCBoltant of several forces operating in a given direction, P C A. Produoe the direction 
of the force P, and let fall the perpendicular O A ; then, in order that the 
etroctnre may not turn on the point O, we must have, Q being the centre 
of gravity, weight of tho structure S T x O B greater than P x O A. 
When (weight ST)xOB = PxOA,the pier wiU be on the point of tam- 
ing on the edge, O. 

By CoMlractiun. — Let B C bo the vortical line passing through the centre 
of gravity of the pier or pillar, intersecting the direction of tlie force P in 
the point C : from a scale of equal ^rts take F = the units in tho pressure 
P, and from tho same scale take C IH = the units in the weight of the struc- 
ture, 8 T : complete the paiallelogram of forces. C D E F, then C D wiU give 
the amount and direction of the single force tending to overturn the struc- 
ture or support, ST. When CD produced inters^ tho base within the 
edge O, the xtructure will stand ; but should the point of intersection, B, 
fall without the base, the structure must fall. 

A T. Fig. 1358, is a pier, or bnttrcss. weighing 860000 lbs., F a 

of 320000 lbs.; A B = OT = 6-6 ft. ; O A = BT = 15 ft. : the cros. 

A B T O is a rectangular parallelogram, of which G is the centre of gravilf. The direction of 
the force P tending to overturn the stniatnre outs A B 4 ft from A, and A O at G, 7 fL from A. 




BRIDQE. 



671 



8in. 78°: 6000:: sin. Se':Oc = 5085-SS. Natural rine of 7B° = -9TS1478; natural b 
or56^= -8290376. Sin. 78° : 6000 : : ein. 46° : Oa = 4411-41. Natural Bine or46^ 
.-. The throat on the point C = 5085 Iba., and the thrust □□ the paint A = 4411 lbs. As sine 
of 90°: Oo:: Bin. oOt:a6 = 2466-8. .-. i c = 6000 - 2466-8 = 3633-2. .-. The side wall 
at C supports 3533 lbs. of the weight W, and the side wall at A, 2467 lbs. nearly. As Bin. 90° : Oa 
:: 008. a O A : 06 = 3657-3. .-. The horimntal thrust along the side A C = 3657 lbs. 

Draw A.p perpendicular to AC. and = ah, the vertical weight at A, Fig. 1361; make 
An - Oo, the thnut along the rafter AB; complete the parallelogram Apmn, and draw the 
diagonal m A, = the amount and direction of the pressure of the roof tending to orertuxn the 
wall A. Or, to avoid complicating the figure, we reproduce the diagram of forces, Fig. 1366 ; 
taking the lines Ou, ab, complete the parallelop-am Or6a, then the diagonal orgiTes the 
amooQt and direction of the pressnre as veil as the paraUel(^:ram Anmp, Fig. 1364. On the 
lines Oc, c b.oonitruct the parMletogramOiic, draw 8c = the amount and direotioD of the prenuie 
of the roof applied to overtum the wall C, when the tie A C is omitted. 




Oiven the skeleton diagram ABCDE, Fig. 1367, of aflame loaded and sapported Terticallj; 
AG being horizontal. OB,, Fig. 1368, is parallel to AB; OC,j)entUeI toBC: OD. parallel 
to CD: OE, parallel to BE; and OF, is dnwn parallel to All; B, E, represents Uie whole 
load, and, being vertical, is perpendicular to OFi. Now suppoae the angle F, OCi = 12°, the 
natural tangent of which is -21255 = F, C,, when OP, = 1; the secant of this angle is 1-0223 
= DC,. FiOB, = 37°; F. 001 = 25°; F,OE, = 50°; then the comparatiTe lengths of the lines 
in the diagnuu of forces will stand thus : — 



F, C, = -21255 
F, B, = -75355 
F, D, = -46630 
F,B, = 1-1917 



OC, = 10223 
OBi = 1-2521 
OD, = 11033 
OE, = 1-5557 



F,B, -P,C, : 
F,C, J 



.. . »Ut 1< 

oulara of its action when the forces balance each other ? 

F, B, + F,E, = 1-94525 = 5000 lbs. 
1-01525 : 5000 :: l'022S : 2628 Ibs. stress along the bar j> or B C. 
1-91525:5000 :: 1-2521 ; 8218 lbs. stress along A B or bar u. 
1-01525 : 5000 :: 1-1033 ; 2836 lbs. B«ress along bar c. 
1-94525 : 5000:: 1-5557 : 3999 lbs. stress along d. 

- -21255= MI; 1-91525: 5000 1 1 -541 : I39I1U. load cm 

the joint B. 
B5; 1-94525: 5000:: 67885: 1715 lbs. load on the joint C. 
F,E, — F,D, - -7254; 1-94525 : 5000 :: -7251 ; 1861 Ibe. load on the joint D. 
1-94525 : 5000 I ; F,E, ; 3063 lbs., 
the TeHieal weight falling on the enpport at E, the remainder of the weight, or 5000 - 3063 
= 19S7 lbs., must fall on the sapport at A. The horizontal stress being represented in the dia- 
gram of forces bv O F, = 1, we have 1-94525 : 5000 ;: 1 : 2570 lbs., the horizontal stress of the 
name. When the load is properly dietrihnted, the necessary slays, C E, A C, require but little 
■trength; without stays such a frame, however well balanced, would be unstable. 

ExoBMlta of Bridget m tuhkh thr actioni of conAined forces have been applied idth mart or leu taeetu. 
— The MoCnUnin Infleiible Arched Trass Bridge approaches nearer the standard of perfection 
than any other wooden bridges that have fallen mider the editor's notice ; this fact is easil; esta- 
blished by comparison and demonstratioD. 

Fig. 1369 is what is known as the Burr Bridge. It is oompOBed of lower and upper chords, and 
poets and braces. The poets are framed into tho chords, and the braoee are framed into the poeto. 
Aiohee are placed on each side of the tmss. seoorely fastened thereto, and, extending below the 
lower ahords, abnt against the masonry. This form of tmsa was extouBveW <ued tbronghont 
Europe and the United States previous to the introduction of nilroftd*. Many spans were id 
great length, and in c««ei where the aiohea were Isrgo, and the masonrr snffioiently permanent, 
ihia bridge w«« oomparatiTely BDCoeasfnl. Hn<di difficulty was, howerer, experienced, by KMcn 
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B 6^, the triaDgle V O Z answers the same purpose as the triangle B O €P. The triangle B G\ 
Fig. 1362, expresses the same relations as the triangle B O G\ Fig. 1361, B GP being taken equal 
to the sum and in the direction of the forces P, Q, R, . . . . B O is drawn parallel to the direction 
of T, and B X parallel to the direction of T, ; 6* X gives the tension of T, and G' O the tension 
of Tj, both measured on the same scale of equal parts as B 6^ O B is parallel to T or A B ; 
O C» is drawn parallel to B C ; O D» to C D ; E» to D E ; O FJ to E F. 

We have been very particular to pass nothing over that might make the proper relations and 
actions of forces, thus circumstanced, clear to the mind of the student, since the proper arrange- 
ment of thrusts and tensions, the action of braces, struts, and ties, in bridge-building, roofing, uid 
in all sorts of lattice-work, designed to combine strength with lightness, depend upon the extension 
of the simple principles here presented. 



1361. 
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If the same Fig. 1362 be inverted, then such frame. Fig. 1363, consists chiefly of struts, and Ie, 
therefore, unstable unless their ends are made fast by suitable stays. In a polygonal frame 
loaded and suspended vertically, represented by the skeleton diagpram, Fig. 1362, the bars which 
are struts in Fig. 1363 become ties, and the frame is stable and yet flexible. 

The diagram of forces for Fig. 1363 may be constructed as follows : — Suppose the polygonal 
£rame loaded vertically and supported vertically, let A, B, C, D, . . . . be the bars ; a, 6, c, d, . . . . 
the joints of which 6, c, J, e, /, are loaded, a and g are supported. Take any convenient point, as 
O, draw O A» parallel to A; O B^ parallel to B; O C» parallel to 0; O D» paraUel to D; O E» 
parallel to E; O F» parallel to F ; and O G^ parallel to G. Then draw the vertical line A» F 
crossing the lines O A*, O B', O C* . . . . Then if the whole load on the frame be represented by 
A» F», the parts into which A» F» is cut by the lines O A», O B», O C», , ... will represent 
the fractional parts of the load that must rest on each of the joints to secure equilibrium. 

A, Bi represents the part of the load to be applied at the joint 6 ; Bj G| the part to be applied 
at c ; Gi Di the part to be applied at d ; and so on. The lengths of the lines O A„ O B|, O G^, 
.... represent the resistances along the lines A, B, G, .... to which they are respectively 
parallel. The two parts F, G„ G, A,, into which Fi A, is divided by the line O G, parallel to G 
represent the supporting forces at a and g, that is, F, G| represents the supporting force at </, and 
Gj A| the supporting force at a. The horizontal stress of the frame is represented by the length 
of the perpendicular O G. let fall from O on F| Aj. If the angles of the polygonal figure A BCD 
.... DC given, the angles of the diagram of forces O A, Fi are also given ; hence, when the 
length of any one of the lines in G Ai Fi is also given, the lengths of the other lines are readily 
found by plane trigonometry, to any required degree of accuracy. 

If the skeleton diagram ABGD . . . . , Fig. 1363, represent an open frame, the bar G is 
omitted ; in this case the stress along the outer bars, represented in the diagram of forces by the 
lines O Aj, O Fj, must be met by oblique forces as abutments ; for vertical supports would not be 
8u£5cient. This frame, being, as 

before observed, composed of struts. ^^*' *365. 

is unstable, and must be connected 
with suitable stays. 

Let A B and B G, Fig. 1364, be 
a roof resting on the side walls A 
and G; a uniform section of this 
roof weighs 6000 lbs., the angle 
BAG = 34°, BGA = 44°; it is 
required to find the thrust^ on the 
points A, G, the roof being without 
a tie-beam ; what would be the ten- 
sion of a tie-beam, A G, or of a rod 
connecting the feet of the rafters ; 
and also find the direction and 
amount of the pressure of the roof to overturn the side walls ? 

To construct the diagram of forces, draw O a. Fig. 1365. parallel to A B : O c parallel to B : 
and O 6 parallel to A G, Fig. 1364. o , i— t^ 

Draw the vertical line abc = 6000 equal parts to represent 6000 lbs. 

Let W = 6000 lbs. applied, si^pose, at the centre of gravity, G, of the section. 

.-. anglea06 = 34°; 60c = 44°. Oa6 = 90-34 = 56°; Oc6 = 90- 44 = 46°. 
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tlie lateral rtlffiiess of the bridge is farther iucreased bv wroa);ht-iron tics at each of the piera, 
these ties being carried into the masonry at some depth below the plntform of the roadva;. The 
longitudinal sloepere for the railway, vhioh has only a eingle track over this bridge, are laid upon 
transcerse beams, which rest upon the bottom string pieces and are placed ooe on each side of 
each of the abutting wedges throughoat the whole length of the bridge. The platform is further 
■trengtheaed by dlE^ooal horizontal beams framed between the bottom strings, Fig. 1373. 
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The inyentioa of what ia known as the Ho\re Brvlgt followed. In (his, as in Col. Ijong's bridge, 
the idea of cambiniog the arch with the truss was oniiinally abandoned for reasons heretofore given, 
and it was believed that this simple form of truss would prove equal to any reasonable require- 
ment. In the Home Bridge, the posts used in the Burr and Long bridges are dispensed with, and 
iron rods substituted, by means of which any desirable camher may be given to the truss, thus 
OTerromiog the practical difficulty previously experienced in the adjustment of Col. Long's bridge, 
by the ose of wooden wedges. This method of producihg camher is certainly an improvement upon 
the means' adopted in the Long Bridge for that purpose, but is much inferior to the latter in its 
method of counter-bracing, in that they are not adjustable, and perform a ntgative rather than a 
pmitivt duty. 
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of the abflence of ootmter-braoes. A moving load prodnoed a vibratory and nndnlating motinn, 
tending to loosen the connection of the timberH, which generally resulted in failure. Many of the 
first railroad bridges, both in Europe and America, were built upon this plan ; bat much greater 
difficulty was found in adapting 

it to the use of railroads than had 1369. 

been previously experienced in 
its use upon common roads. Tliis 
^fflculty arose from, first, the 
practical impossibility of perfectly 
combining the action of the arch 
and the truss (each system, of it- 
self, being insufficient to carry 
the whole load) ; and, second, the 
absence of coimter-braces. These 
defects, clearly apparent in their 
use on common roads, were greatly 
aggravated under the increased 
and concentrated nature of the 
weight, and the rapid transit of trains on railroads. It is true they were obviated in part by add- 
ing largely to the amount of material in the structures ; but as the difficulty was inherent in tiie 
plan, violent contortions in shape could not be prevented, and these in time caused failures. These 
remarks are intended to apply to spans of considerable length, as experience has proved that plans 
of even an inferior grade may be measurably successful in spans of ordinary length; whereas 
nothing short of the most judicious distribution of material will ensure permanency in cases where 
long spans are indispensable, and any arrangement which can be made permanent in the latter 
case must certainly prove so in the former. It is worthy of remark here, that this particular com- 
bination of the arch with the truss is even now, with some, a favourite idea, but it is believed that 
its warmest advocates will be generally found among those whose opportunities for practical inves- 
tigations have been limited, and that it is only necessary that the question be properly presented 
to them, to produce a change of views in respect to it. This partiality for the combination of the 
arch and the truss is attributable partly to tne fact that the simple truss has in manv instances 
failed, and, as a last resort, the arch has been added, of such dimensions and strength as to be 
competent to carry the truss and load : the truss serving only as a stiffener to the arch, while the 
latter, thrusting upon the masonry, has sustained the whole weight. Besides, to the casual 
observer who hM never studied bridge construction, this combination presents at least an appear- 
ance of great strength and solidity, which do not in fact exist. That the simple truss without the 
arch has failed in some instances is unquestionably true ; but while many of these failures have 
been caused from inattention to, or ignorance of, the laws regulating the composition and resolu- 
tion of forces, by far the greater number have arisen from the inferior quality, or lack of the 
requisite amount of material, or from inferior workmanship. The acknowledged failure of the 
Burr Trussy as applied to railroad purposes, led to the invention of several other plans, all (k 
which were based upon the abandonment of the arch, and were aimed at perfecting a truss, which 
of itself would be sufficient to meet the emergencies of the case. This was in pursuance of what 
was considered a very reasonable hypothesis, namely, that one system properly proportioned must 
prove much superior to anv method or arrangement in which the attempt was made to combine 
two distinct principles, in tneir nature heterogeneous. Among the most prominent plans presented 
to remedy existing defects was one invented by Stephen H. Long. This plan of bridge was com- 
posed of lower and upper chords, posts, and braces, similar in outline and general arrangements 
to the Burr Truss, but differing from it in detail. An efficient system of counter-braoea was 
introduced ; these were made adjustable by wooden wedges, as were also the sustaining braces, 
by means of which any desirable elevation or deflection might be given to the truss. This plan of 
truss was rigid to a degree not previously attained ; and to such an extent was this true, that, 
when properly adjusted, no perceptible deflection was produced by the passage of the load. It 
was, however, found difficult to keep it in adjustment, in consequence of the great shrinkage of 
the wedges and other timbers of the truss. 

The bridge from which this example. Figs. 1370 to 1373, of Long's framing is taken consists 
of seven equal openings of 180 ft., measuring from centre to centre of the piers. The bottom 
string course is a beam built of six planks, each a foot in depth, four of the planks being 5 in. in 
breadth ; and the two outside planks each 4 in. When put together these planks form a beam 
12 in. in depth and 28 in. in breadth. The planks are bolt(3 together by screw bolts, placed 
about 2 ft. apart and alternately near the top and bottom of the l^m, as shown in the vertical 
section. Fig. 1372. Short wedges of wood are let into the bottom string to the depth of about 
1 in., and into the sides of these wedges are mortised the ends of the diagonal braces, Fig. 1371. 
These diagonal braces abut against similar wedges which are let into the top string beam. The 
top string consists of three lines of 8 in. square timber, placed with a small space between each, so as 
to make the whole breadth of the beam 28 in., the same as that of the lower string. The pieces 
composing this beam are bolted together at intervals of 7 ft. All the braces are 8 in. square, and 
the number of braces abutting on each block, both at the top and bottom string courses, is always 
three, arranged two on one side and one on the other. Along the top string beam are fixed short 
cross pieces, 5 in. bv 7 in., one above each of the abutting wedges. These cross pieces receive the 
tops of the vertical ties, which pass entirely through the framing from top to bottom, and are 
secured above the top string and below the bottom one bv screw-bolts and nuts. Similar cross 
pieces below the lower string receive the extremities of the vertical ties. Two of these vertical 
ties pass through each of the abutting wedges, so that for the two sides of the bridge there are 
four vertical ties in each length of 7 ft. The frames are connected at the top by cross beams, and 
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The //mre Bridgt i» eompoaed of lower and upper chords, braces, and oounter-brscea, vertical 
rods, and cast-iron beariiuj-ilocia. The braces abut od the beariag-blocka, which pass through the 
chords in such a manner as to permit the rods to bear directly upon them. Spnna of considerable 
length were bnilt upon this plan, but experience proved that even thU trusa — like all others — had 
its limit, beyond which it could not be esr^ly extended. 

In the progress of milmed enterprises, in order Ui save large expenditures of money for 
masonry, longer spans than had been previously used became desirable, and in certain locations 
absolutely indispcnanble^ besides this, locomotives were largely increased in weight, to meet the 
demands of traffic, and furnish ft more economical mode of working; and thus arose the necessity 
for the adoption of some other eipedicnt to meet the increased requirements of bridges. As all 
had been done by nay of improving this truss that meebanical skill could devise, and which an 
extensive practice had amply afforded, it became evident that some radicul change must be mads 
in its arrangement, to enable it to meet the exigencies of the esse. In this emergency the arch, 
heretofore condemned in the Sarr Truai, was again resorted to ; for it hnd been proved, from tha 
experience which its use in that truss had afforded, that an arch of sufficient size, abutting agaioat 
permanent masonry, would place the truss in a position of secondary importance. 

It will bo observed that the arch of the Burr Bridge, Fig. 131i9, abuts upon the masonry in 
precisely the same manner as the arch of what is denominated the fmproced Huao Tnus, Fig. 1378, 
and the difference between the two 
. consists simply in the mode of CI 
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any change of principle or method of 

It will be seen that the Burr Arch 
is securely fastened to the posts and 
braces of the truss, forming a solid 
adjustable mass. In Fig. 13TS tha - 
arches are not fastened to the braces '- 
or rods, but have an independent con- 
nection with the loiter chord of the - 
tiuHB, by means of rods radiating from 
the former to the latter. By this method it was supposed that any desirable adjustment could 
be effected, and that the strain could bo put upon either system, or equally upon each. 

This new arrangement, although plausible in theory, is found impossible in practice, tor the 
following reasons: — 

IsL I'he rods from the arch to the lower chord are of various lengths, consequently the 
contractions and expansions must vary proportionately. 

2nd. Not a single rod in the arch is of the same length as those ii 
expansion and contraction of the rods in the truss will vary from that in 
connecttDE (he arch with the lower chord. 

3rd. This combination is exceedingly liable to maltreatment from the earcteaa or ignorant. 

4th, And even if it were everything in practice that is claimed for it in theory (which is not 
the fact), it involves a constant expenditure for adjustment, which must continue during the 
existence of the bridge itself. 

The Burr Truss, Fig. 1369, with all its defects, mn be nwie saptrlor by far to the Imprmed How 
rrms. Fig. 1378. For, in the former, there may minetimes be a yielding and eompreaaion between 
the parts of the truss and those of the arch, producing a certain degree of united action ; while in 
the Howe Truss everything depends upon the length of the rods, which must always change with 
the temperature, and thus render an approach even to perfect adjustment a matter of extreme 
delicacy. But, in either Fig. 13G9 or Fig. 13TS,itisclearly evident that, in order to have a structure 
absolutely safe, the arch and the truss — each of itself, independently of the other — should be of 
sntBcient strength to snstain the vhole load, that the strain may be borne alternately b; eoeh 
•epotvle system. 

Fig. 1379 shows an elevation of a bridge erected upon Howe's plan over Sherman's Creek, on 




the Pttmsylvanla Central Bailroad. Fig. 1380 is a plan, and Fig. 1381 a vertical seotion. Tha 
bridge has two spans, each 148 ft. 3 in. from end to end of the bow, or 154 fl. 6 in. from the 

2x2 



The ImproTed Burr Tnua. introdneed by Thomas Steele, is tbown in elevftticai. Fig. 1374 ; 
Fig. 1375 \a part of the pleo of the nme : and Figs. 1376, 1377, the detaU to a larger itc^le of tba 
teodoD-pofils, braces, and counter-bracea, uppei uiU lower chaida, and their iron faiteoingt. 




In thia metliod of combining an arch with a trussed 
frame the arches are connected with the ten sioQ -posts, 
and the pnata with the chorda by screw fastenings, as 5^ 
eeen in Figa, 1376, 1377; nnd all is so arranged as to ^ 
admit of changing the position of the arches relativclj 
to the chords, or of drawing together the chorda without 
changing the position of the arches, and thus rcgalnting 
and distributing the strain over the different parts of the 
bridge at pleasure. This adjustment must take place once 
or twice in each year until the timber becomes perfectly 
Bcasoned; after which, in a wcll-conalmcted bridge, but 
little attention will be required. Plates of iron should 
io all cases be introduced between the abutting surfaces 
of the top chords and arches, and all possible care taken 
to prevent two piccea of timber from coming in contact, 
by which decay is hastened. Care should also be taken 
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tlio paraboln for the arches, as i 
and of greatest strength. 

of equilibrium when nr 




The parabola is the curve of equilibrium when no lend is upon the bridge, and also when th^^ 
load is uniform : but there can be no cnrve of eijuilibrium for ttie variable load of a passing train -^ 
Stiffness can be soourod in this case only by an efticienl aystein of eounter-bracinR. The Improve<E^ 
Burr Truss, of Steele, Fig. 1374, presents an example of one of the systems to produce the require£:=: 
stiffness. 

Bridges constructed on this phin will be found to possess an nnuBual amount of strength foe^ 
the quantity of material contained in them, anil, If well built and protected, ereat dutsbilitv. 

The following are the points to be attende<] to in erecting one of these bridges, as given by th^^ 

inventor in Uaupt's Treatise on Bridges :'~The truss must first be raised, provided with suit 

able cast-iron skew-backs to receive the braces and tension-posts ; and the several parts of the^S 
chords should be connected with caet-iron gibs. 'Wedging under the counter-braces must b^^ 

avoided by eitendinR the distance between the top akew-backs sufBciently to bring the tension 

posts on the radii of the curve of camber of the bridge. The tension-posts must be about 8 in 

shorter than the distance between the chords ; and in screwing up the truss care must be takenc- 
not to bring their eoda in contact with the chords ; but Ihev must be equidistant, and about 4 in_ 
from them. When the truss is tlius finished it must be thrown on its final bearings; and it it^ 
then ready to receive the arches which should be constructed on the curve of the parabola, witb- 
the ordinates so calculated as to bo measured along the central line of the tension-posts. Tfaey 
moat be firmly fastened to the posts and bottom chords by means of strong screw-bolts nnd eoa~ 
nectiDg-plates, as shown at dd, and should abut on the masonry some distance below the truss, 
which can be efiecled with safely, as the attachment to the posts and chords will relieve the 
masonry of much of their horizontal thrust. When a bridge thus constructed is put into use, it 
will be found that, as the timber becomes seasoned, the weight will be gradually tluDvni upon the 
arches, which will ultimately bear an undue portion of the Toad. To avoid this, the camber must 
be restored and the posts moved up, ao as again to divide the strain between the tnui and tbe 
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when loaded to nearly the point of fractare, present somewhat the same appearance, the greatest 
deflection being invariably at points near the abutments. This will be understood by the statement, 
that the vertical strain is increased, as the distance from the centre, to the ends of the truss ; at 
the centre the vertical strain is nothing, and at each end of the truss it is equal to one-half the 
weight of the structure and its load. 

In point of strength, the arrangements, Figs. 1382 to 1384, are not superior to the simple 
combination. Fig. 1385. 

All bridges having their chords parallel exhibit the same uniformity of action, and may bo 
illustrated by reference to Fig. 1386, in which A A is the upper chord; BB, the lower chord; 
C C, tension-rods ; D D, braces. 

When a sufficient weight is applied to any truss of this outline, to cause deflection below the 
straight line, the upper ends of the braces, D D, are made to approach each other, and the distance 
between the ends is diminished ; and as the deflection increases, the upper ends of the braces, D D, 
will describe arcs, a 6, of a circle downwards^ the radius of which being the length of the braces, 
DD. But when the upper chord is arched, as in Fig. 1387, a sufficient weight will cause the 
braces, DD, to descrioe an arc upwards, represented by c(f. Fig. 1387. When the chord, ce, 
becomes straight, the arc will then be described downwards, as shown in Fig. 1386. As an 
illustration of the McCallum Inflexible Arched Truss, see Fig. 1388, in which A A is the lower 
chord ; B B, the upper chord ; C C, tension-rods; D D, braces ; £ E, struts ; and W, weight. 

1386. 1387. ,,-a 
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Upon an inspection of this figure, it will be seen that any deflection produced upon the centre 
of the arch, by means of the weight W, will cause the points BB to separate, by tlirusting 
outward, and in the direction of the ends of the truss, producing an upmird movement of the 
upper chord, at the ends of the braces D D, the latter describing arcs of a circle upward, and from 
thence will be communicated, by means of the tension-rods C 0, to the centre of the lower chord, 
raising the latter at the point where the rods, CC, meet. By removing the weight W, and 
inserting a vortical strut at F, the upwartl movement of the chords will be arrested by the 
weight W. This peculiar action may be described as follows : — 

Any deflection produced in the centre of the arch will cause an outward and, consequently, an 
upward force at the upper ends of the braces, wliich, by means of the tension-rods and strut, is 
transferred directly back to the under-side of the arch, producing an upward force at the latter 
point, equal to the original downward force applied on top of the same. This combination of 
forces is in agreement with a well-known law, namely, when two forces of equal powers of resistance 
are opposecl to each other, a state of rest is produced. 

For a further illustration of the action of this truss, see Fig. 1389, in which A A are pieces of 
the lower chord, the centre being removed ; B B, upper chord, deflected by the weight \V. C C 
are braces which pass through tlie lower chord and rest upon the masonry. D D are tension-rods. 
It will be seen that the ends of the pieces of the lower chord at £ £ are raised considerably above 
a horizontal line. This upward t«^ndency will continue 
until the upper chord between B B is deflected below 
a straight line, when the action will be reversed. 

Fig. 1390 exhibits the forces at a state of rest, in 
which A A are portions of the lower cliord ; B B, upper 
chord ; G C, arch-braces, which pass through the lower 
chord, and rest in the masonry; D D, tension-ro<l8 ; 
£ £, braces ; W, weight. It will be seen that the strain 
produced by the weight W is transferred to the lower 
chord by means of thrust upon the braces £ K, to the 
points F F, and, by means of tension on the rods D D, 
to the points B B, and from thence it is brought upon 
the arch-braces C C, which rest upon the masonry. In this manner a perfect equilibrium of forces 
is effected, as it is evident that the point G cannot change position, unless the p<Hnts B B are thrust 
outward towards the ends of the truss, which must raise these points, this being prevented by the 
strain upon the points F F, communicated by the weight W, through the braces E K 

For a full plan of McCallum*s Inflexible Arched Truss the reader is referred to Figs. 1391 to 
1895. Upon inspection, it will be observed that the sustaining principle is very much inoreaiied 
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toward the ends of the triiss, not onlv by the addition to the amount of material at these points, but 
it will be seen also that the panels become shorter as the vertical strain increases. The posts are 
placed upon lines radiating with the arch ; the braces form equal angles with the posts ; and in 
this way the latter are made to approach more nearly together toward the ends of the truss. The 
student has already had sufficient evidence of the great strength of this form of truss, and it has 
also been shown that the tensile strain upon the lower chord is much le.Hs than in any otlier known 
plan. In fact, the latter may be entirely severetl, and the structure will still be competent to 
BUtftain a heavy load. In this, it differs from all other combinations. 

In Fig. 131)4, U is the upper chord; S, btraining beam; A, arch-brace; M, main-brace; 
C, counter-brace. 

Upon referring to Fig. 1391, which represents a clear span of 180 feet, it will bo seen that the 
arch-braces which rest upon the abutments are extended to points on the arch about 47 ft. from 
the abutments. From the top of each set of archibraces, running diagonally on each side of the 
truss, are placed heavy suspension-rods, which are connected with the lower chords 12 ft. farther 
from the masonry. Thus the bridge seat is substantially transferred to a point 47 ft. towards the 
centre of the bridge, reducing a span of 180 to 86 ft., so far as the tensiie strain upon the lower 
chord is concerned. For this intermediate space of 80 ft., the arch-beam is of sufficient strength 
to sustain the whole load, if required. tStrentjth, however, is not all that is required, for a railroad 
bridge especially, subject as it is to a moving load ; there must also be rigidity, stiffness^ and freedom 
from vibration. A bridge may be strong yet flexible, rigid yet weak ; in fact, flexibility is incom- 
patible with durability ; the structure should be prepared at all times to receive its load, and should 
not be permitted to change shape in the slightest degree by its passage over it. To produce this 
result, an efiective system of counter-braces is indispensable. 

The proper office of counter-braces is frequently misunderstood, as is evident from the manner 
of their application in many cases in which they are used as check-braces only, having a negative 
rather than a positive action ; this may be readily shown. When the load is applied, the truss is 
deflected in consequence of the yielding of the braces; this has the efiect of shortening the 
diagonals in the direction of their length, while the diagonals in the direction of the counter- 
braces are correspondingly lengthened ; this will leave a space between the ends of the latter, and 
the bearing-block in the lower chord. When the truss is in this condition, if wedges are inserted 
between the ends of the counter- braces and the lower chord, in such a manner as to fill up the 
whole space, it is evident that the weight may be removed without at all affecting the shape of 
the truss, the deflection originally produced by the weight being maintained by the counter-braces, 
the strain upon the sustaining braces and other portions of the truss remaining precisely the same 
as when the weight was suspended. 

Now suppose the original weight to have been 200 tons, it is evident that, as soon as it is 
removed, each coimter-brace will be subjected to an upward thrust, easily found from its position ; 
the sum of all the thrusts making 200 tons. Now let there be a smaller load applied, this load 
will not produce anv additional strain upon any portion of the truss, nor will the deflection be 
increased in the slightest degree ; the only effect produced by suspending the latter weight will 
be the relief of the counter-braces, equal to the difference between the first and second weights. 

The inventor has found it very difficult to explain this clearly in the course of conversation 
with some individuals, from the fact that vceight and strain were confounded. Now it is true, when 
the original weight was applied of 200 tons, the abutments were loaded with just 200 tons more 
than previously, and the truss was also loaded with 10 tons more ; but when the wedges were 
driven, and the weight removed, while the abutments were relieved of 200 tons pressure, the truss 
still retained the original strain produced, the weight being required to produce the strain, the 
latter remaining after the former has been removed. 

In order to make a practical application of the above, the following method of adjusting the 
Inflexible Arched Truss is submitted. When these bridges are raised, it is usual to load them with 
a train of locomotive engines, attached closely to each other, and that greater weight may be 
obtained, the tenders are sometimes detached, and the bridge covered with engines only ; with 
this load, the latter is strained down to a perfect bearing in all its parts ; by this means the whole 
structure is more or less deflected, while the counter-braces are hanging loosely in their places ; 
if, therefore, when the bridge is in this condition with its load, the counter-braces could be 
lengthened with considerable force, it would not recover its original shape up<m removal of the 
load, but would be held down by tlie action of the counter-braces to very nearly the same position 
as when loaded. In this plan of bridge, the lower ends of the counter-braces rest in iron stirrups, 
which are attached to tlie vertical ties or posts at a point near the lower chord by means of 
castings and nuts, by which they may be lengthened several inches ; in this manner they are 
made to perform a positive duty. When the bridge is adjusted as above, it is clear that a less load 
than that originally applied cannot produce any deflection whatever; the only effect of the 
passage of a train over it will be to relieve the counter-braces, and will not add a pound pressure 
upon any timber of the trusses. 

In the arrangement of any bridge truss the attainment of the following requisites is desirable:— 

Ist. Such equilibrium of forces as will produce uniformity of action. 

2nd. Such quantity and distribution of material as will ensure a large surplus of sustaining 
principle, thereby guarding the structure against accident. 

3rd. Perfect rigidity, that the combination in all its parts may have permanency equal to the 
durability of the material composing the same. 

4th. The arrangement of the parts should be such as to be free, if possible, from the necestity 
of adhutment. 

The McCallum Inflexible Arched Truss meets all these requirements. 

Problem.— hei it be required to find the equal weights tr, w, Fig. 1396, kept in a state of rest 
by a single weight, W, which has caused the arc 9 C a to assume the chord ;> I> 6, the rigidity of 



Then, aooording to tne pnncipie or worK, 'zg sm. {^<t> — »; to = z <? y\ . ,-. w = — - — - 

Let AB = 2 A = 188 ft.; the length of the arc ? C a = the straight line;? D 6 = 2 C = 
E = 200ft.; mB = ^ = 60ft.: 6B=/= 50 ft. 

It will be found that the arc ^ C a before being disturbed contains 38^ 57' 40"; the y 
thiaaro = 11*449 ft. = 2e; the chord = 133-39576 ft. = 2d, 

^^ = • 5460424 = cos. 56° 54' 15'' ; (0). ^^ = ' 5200000 = cos. 58° 40' 4" ; (^ 

.-. 4> - e = 1° 45' 49". 

.-. —r—T = ^^ . /.ns.,.r..r. = 3-100092. .-. to = more than 3 times \^ 

g sin. (4» - 0) 60 sin. (1° 45' 49") 

Conseouently, the weight W before reducing the arc ^ C a to the straight line pD b m 

more than six times its own weight if posited at s and n. 

Description of an Iron Bridge, in which the Forces are well combined to meet the demands oj 
Traffic. — The bridge we now propose to describe is one belonging to a system of bridge 
introduced by Wendel BoUman ; it was erected at IIarj>er*8 Ferry, U.S., the practical w 
which was carefully observed by the editor of the present work. This iron suspensio 
bridge was 124 ft. between the abutments. The length of the cast iron in the stretcher 'w 
The weight of the cast iron, 65,137 lbs. ; weight of wrought iron, 33,527 lbs. ; making 
weight of cast and wrought iron, 98,664 lbs. 

Fig. 1398 is an elevation of part of the side, showing one pier and part of the cast-iron 
The cap is removed from the pier to show how the rods are secured. 

Fig. 1397 is an elevation of both piers and of the eight panels of which the bridge is c 
The system of arranging the braces and connecting-rods is exhibited in this figure. 

Fig. 1401 is a cross-section, showing the floor-bracing and the i)osition of the nils, 
also shows, in section, the roof and posts. 

Fig. 1400 shows a plan of the flooring of the bridge, the positions of the rails, and floor 

Fig. 1399 shows two posts, part of the stretcher, and the diagonal rods in one of the p 

The wrought iron requires little workmanship, the rods from the centre to abutmen 
but an eye at one and a screw at the other end ; with a weld or two between, according i 
The long counter-rods have two knuckles and one swivel for adjustment of strain, and ooi 
in welding, as well as in raising the whole. 

The cast-iron stretcher is octagonal without, circular within, and averages 1 in. of n 
is cast in lengths according to the length of panel, and jointed in the simplest mannei 
end of each length is a tenon, at the other a socket. The latter is bored out, and the i 
its shoulder turned off in a lathe to fit the socket ; thus, when thoroughly joined, to fonn 
tinuous pipe between abutments. The ends of the sections of cylinders, inserted i 
contiguous, are slightly rounded, to allow a small angular movement without risk of joint 
A cast-iron plate or washer sets on a bracket cast with each abutment end of stretche 
right angles to the centre acting-rods. The tension-bars are passed through this washer i 
a screw-nut for the erection and adjustment of the system. The stretcher or straining 1 
vertical posts, and suspension-bars, compose the essential features of the bridge ; each jp 
hung by two bars from both ends of the stretcher independently of all the others ; and 
and pair of tension-bars forming with the stretcher a separate truss. This system, j 
itself, is additionally connected by diagonal rods in each panel ; also by light hollow 
acting as struts. The diagonal side rods might be safely dispensed with ; for the pecul 
of the truss is its perfect independence of such provision. They are therefore used aa a i 
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It is evident, from an inspection of the cuts, that no chord is requisite at the bottom of the 
truss to resist tension ; the only advantage of that employed is to regulate the movement produoed 
by expansion, in the performance of which agency the resistance is one to compression. Althongh 
the abutment-bracket casting and its pedestel were so constructed as to admit of acoommodation 
to expansion, by rollers, yet such contrivance was omitted with the view of fully testing the effect 
of greatest expansion throughout the system. 

This bridge was inspected by the writer, ten months after it was erected at Harper's Ferry ; 
during which time it liad been exposed to extremes of cold and heat, and to an average run of 
twenty trains daily. From the closest inspection, we find that the extreme expansion measures, 
as near as possible, ^ in. on each tower, or | in. in the entire length, 128 ft. of stretcher ; and without 
the slightest perceptible derangement of masonry ; the dimensions of which are 4 ft. square of base, 
12 ft. high, and 2 ft. 9 in. at top. 

While on the subject of expansion, it may be well to notice the effect from difference in 
expansion of the rods. At the first point of suspension, or where the longest and shortest rods 
meet, the counter-rod is about four and a half times longer than the acting-rod ; and the expansion 
of the counter is four and a half times that of the acting-rod. But there is also a proportionate 
difference in the lengths of stretcher from the point directly over the centre of connection to the 
extremities of these rods. This has been practically proved in this bridge. The suspender bolt, 
when the expansion is extreme or 4 in. in length of stretcher, exhibits a motive difference of 
^ in. toward the short or acting rod ; which difference is provided for, as seen by slot, dotted in 
elevation, where the vertical suspender bolt moves to accommodate any such difference, and to 
give that proportion of weight to each rod ac<^o^ding to the angle. It affords ea«y access for 
repairs ; for instance, should a new floor beam be required, it is but needed to slacken the horizontal 
rod and the keys in longitudinal strut, remove the washer under point of suspension, and let down 
the beam to be replaced : which can be done without trestling up any part of the bridge. In case 
of fire, the floor may be entirely consumed without any injury to the side truss. 

The permanent principle in bridge-building, sustained throughout this mode of structure, and 
in which there is such gain in competition with every other, namely, the direct transfer of weijfht 
to the abutments, renders the calculation simple, the expense certain, and facilitates the erection 
of secure, economical, and durable structures. 

Details. — Resistance of cast-iron stretcher G H to compression, 177,511 lbs., or 4930 lbs. the 
sq. in. Half weight of bridge and load : weight of iron, 24,000 lbs. ; weight of wood, 15,000 Iba ; 
weight of load, 184,000 lbs. ; momentum, 25,000 lbs. = 248,000 lbs.. 



Size of Acting-rods. 
No. 1 section of iron 2*46 = 2 bars 1^ x i | No. 3 section of iron 3*97 = 2 bars 2x1 



No. 2 



»i 



»i 



3-31 =2 



» 



U 



No. 4 



11 



„ 4-31 = 2 „ 2ixl 



Strain on Acting-rods, 

2C761 • 8 X 25 
A A ; No. 1, = 39355 lbs. strain. 

A r ^T n 23007-8 X 38 ,^^„^ ,^ 

A A ; No. 2. -— = 49674 lbs. „ 

^^ „ 19254- 1 X 52 ^r^„„„ 
A /; No. 3, — = 55623 lbs. 



18 

^^ , 15500 X 67 ^^,o«,v 

No. 4, — — — = 56136 lbs. 

18'5 



»> 



11 



Weight on Acting-rods. 

No. 1, 31,000 - 4,238-2 = 26,761-8. 
„ 2,31,000- 7,992-2 = 23,007-8. 
„ 3, 31,000 - 11,745-9 = 19,2541. 

Value of Iron in Acting-rods. 

^ I / 16,000 the sq. in. ; 2 rods 7 in, diameter, length 23 ft. 2 in. 

^^- ^» \ 2 bars i X IJ in. diameter, 25 ft. 3 in. length. 

No. 2, 15,000 the sq. in. ; 2 bars 7 in. x If in. diameter, 38 ft. length. 

No. 3, 14,000 the sq. in. ; 2 bars 7 in. x 2 in., length 52 ft. 5 in. 



Size of Counter-rods. 

Ag; No. 1 section of iron 2*5 = 2 bars 1| x f. 
A/; No. 2 „ „ 3-9 = 2 „ 2 X 1. 

Ae; No. 3 „ ,, 45 = 2 „ 2J X 1. 



Strain on Counter-rods, 

^^ , 4238-2 X 112 ^,„,„„^ , . 

No. 1, —-Z = 25712 lbs. strain. 

18-5 

No. 2, Z???:?^L^ = 43069 lbs. 

T,, ^ 11745-9 X 82 _^„^ „ 

No. 3, — -^ = 5o037 lbs. 

17-5 



M 



»» 



Weight on Counter-rods. 

., , 31000 X 17-5 ,„„^ „ 
No. 1, :;^ = 4238-2. 



No. 2, 



128 
31000 X 33 

128 



= 7992-2. 



No. 3, 5152^^ = 11745-9. 
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Value of Iron in Counter-rods, 

No. 1, 10,000 the eq. in. ; 2 bare 1 X 1*, length 112 ft. 7 in. 
No. 2, 1 1,000 the sq. in. ; 2 bare 1 x 2/ „ 97 ft. 4 in. 
No. 3, 12,000 the aq. in. ; 2 bare 1 x 2 J, „ 82 ft. li in. 

Value of iron in counter-rod o, 13,000 the sq. in. ; 2 bare 1 x 2i, length 66 ft. 11 in. Length of 
peats, 15 ft. ; diameter of poets, 6 in. ; weight on each post, — - — = 31000 lbs. Diagonal braces, 

o 

1 in. diameter, 22 ft. 9 in. in length. 

Trial made on the 1st day of June, 1852, to prove the Capability of this Bridge.^Three flretHclass 
tonnage engines, with three tenders, were firet carefully weiojhod, and then run upon the bridge, 
at the same time nearly covering its whole length, and weigliiug in the aggregate 273,550 lbs., or 
136^g tons nett, being over a ton for each foot in length of the bridge. This burden was tried at 
about eight miles an hour, and the deflections, according to gauges properly set and reliable in 
their action, were at centre post 1^", and at the firet post from abutment -^ of an in. From this 
test it is found that the load did not cover the entire length of bridge by about 13 ft., yet the excess 
of weight in the middle, and at a speed of about eight miles an hour, produced no greater deflec- 
tion tib^ If of an in. at the centre post, and ^ of an in. at the firet point from abutment. 

Before preceding farther, it is necessary to point out some serious mistakes made by experi- 
mentera and writere on the strength of materials. When discussing the strength of girdejrs resting 
on supports, the editor of the present work, in his new theory of the strength of materials, first 
pointed out fallacies involve! through introducing an imaginary line, termed the neutral axis, 
and merely investigating the upright laminsB of the material. We do not propose to discuss this 
subject thoroughly here, but to show how errors may be involved when the strength of girders 
is considered with respect to forces supposed to act only in parallel upright planes. See * Civil 
Engineer and Architect's Journal,' June, 1846. 

If a beam, Q R, Fig. 1402, rests loosely on two supports, A and B, and is loaded in the 
middle with a weight, W, which deflects it ; before the weight is placed on the beam 
ab = pq=zcd: andtf/= rs=nm; but when 
the bieam is deflected by W, p<jr is greater 
than a bored, and r s is less than either ef 
or mn. Before the beam ia loaded it is sup- 
posed to be rectangular ; in most cases this 
change of form may be detected by expe- 
riment. Although the nature of the nia- c 
terial and amount of pressure mav render 
this change of form imperceptible, yet Q 
these forces acting across the ginler, in y^ 
the directions ofpqrs^ are in operation, ^~^ 
loosening bolts, buckling and puckering 
upright sheets, and so on. This action 
should be carefully attended to by engi- 
neers in constructing girdera, whether solid, hollow, or composed of skeleton frames. 

The material at r s is wire-drawn and compressed, while At pq the material becomes upset, 
extended, and loosened, according to the elastic limit and nature of the girder. The current 
erroneous theory of the strength of materials supposes, when the beam is bent by a weight, W, the 
fibres are compressed at pq and extended at r s, without alteration of breadth ; that is, pq remains 
= ab or cd, and also = rs or ef. A portion of the body will often be forced out near the line p q ; 
but when the substance supporting the weight is tough, the separation may take place irregularly 
and diagonally, with a sliding cutting motion, and not directly through the plane pqrs, in the 
middle. 

Stone Bridges. — The art of constructing stone bridges has always been and still is as much the 
domain of practice as of theory. The long and intricate calculations whicli it is necessary to go 
through in determining the principal dimensions of a stone bridge, though these calculations are 
always, with a wise precaution, subordinated to practice ; the little time which those upon whom 
the guidance of engineering works devolves have to devote to the calculations, and the dispatch 
with which projects have to be designed and executed ; and other considerations afiecting skilful 
buildere who, for want of time or opportunity, have failed to gain suflScient theoretical knowledge, 
the absence of which might be compensated for by their long practice aided by a few simple and precise 
principles— all this has induced Edmond Roy, the experience<l French engineer, to compress into 
a few pages some practical information and formulae, into which enter only the simplest elements 
of arithmetic and geometry, and by means of which may be readily determined the dimensions of 
aqueducts, bridges, viaducts, and retaining walls. 

Before proceeding further, we give this practical epitome of Roy : it speaks for itself. 

EmFIRIOAL FOEMCLiB 8ERVTNO TO DETERMINE THE PRINCIPAL DIMENSIONS OP BRIDGES IN MaSONRT 

OP Semicircvlar, Elliptical, Segmental, and Gothic Forms. 

Depth of Masonry at the Crourn and Form of the Curve of the Intrados. — Up to the present time 
the greater number of empirical formulsB giving the depth of masonry at the crown determine this 
depth in consideration of the span alone. In this way a bridge having a semicircular or an ellip- 
tical arch, even if the latter be depressed to the degree of -^\, ought, in accordance with these 
formulsB, to possess an equal depth at the crown. Such are the formulio of Perronet, of Gauthey, 
and of Bondelet. 

These formidffi appear to us defective ; in proof of which we might point out the great difference 
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which exists between the dimensions of the masterpieces of the celebrated Perronet and those which 
they would have had if his formula had been applied. 

In determining the thickness at the crown, we ought evidently to take into consideration :~ 

1. The span of the arch. 

2. The dej^p-eo of depression. 

The greatest radius of the curve of the in trades and the magnitude of the arc of the intrados 
alone corresponding with these two conditions, the depth at the crown in segmental bridges mxui 
be determined by the former of these two quantities or by the two combined. It is also obvioiu 
that the lateral thrust upon the abutments with the depression given to the arch, and the dimensioiu 
of the abutments at the springing, will therefore be determined by the radii of the carves of the 
intrados. All other dimensions will follow, generally, from the depth at the crown. 

Sifjnification of the Letters employed in the FormuloB. 
Q = the span of the arch. 

R = the longest radius serving to determine the depth at the crown. 
F = the rise, or distance between the level of the impost and the summit of the intrados. 
C = the depth at the crown. 

Semicircular Arches, 

We have ^^^Q.. ^y^ 

F = R = -§-; [2] 



General values /C = 0'30 + 0-07R; 
wenerai values •• j ^ _ q-so + 0*08. 



Formula [3] is applied by us to any span, with ordinary materials. 

Formula [4] is applicable to cases in which materials of feeble resistance are employed, such u 
certain kinds of freestone. The dimensions denoted by this formula are not excessive for spans of 
less than 12 or 15 metres, and it may with propriety be employed. 

Arches /leavily banked. — In the case of arches supporting thick masses of embankment, it will be 
necessary to add to the depth at the crown in the proportion of '02 for each metre of embankment 
above the extrados. 

Elliptical Arches. — In the elliptical arch the radius of the upper segment, which is the longest 
radius, may, in accordance with the various conditions according to which we wish to construct the 
curve of the arch, have many dimensions for the same span and the same rise. We shall therefore, 
in order to have a uniform formula for elliptical arches, always consider as a basis of calculation 
that the curve is of 3 centres only, with segments of 60°. It will not, however, be necesaajy 
always to construct the curve of the intrados with 3 centres ; it may be of 3, 5, 7, or 9, as may be 
deemed expedient ; we have chosen 3 merely as a uniform basis of calculation. It is plain that a 
curve of 5, 7, or 9 centres, substituted for one of 3 which has served as a basis of calculation, must 
have the same rise as the latter. Our opinion is that the curve of 3 centres should never be 
employed, as it must of necessity be angular. 

2. The mode of calculation which we have adopted fixes a priori the utmost limit of depression 
which it is proper to give to elliptical arches, and consequently indicates the moment when we 
should begin to employ the segment. 

The general value of B in cases of carves with 3 centres, the arcs of which are of 60°, is 

R = Q X 1183- 1-366 F. [5] 

Let r represent the radius of the lesser arcs, then r = Q — R [6]. If we make F = 0134 

O 
X Qor--^., wehave R = Q x 1-183- 1366 x 0134 x Q; whence R = Q x 1, and 
7*4o 

r = Q - R = 0. 

This result agrees with the geometrical principle, that the chord of an arc of 60° is equal to the 
radius. 

Thus, according to our principles, the employment of arches of the elliptical form is limit<Hl 

between F = * Q and F = --^ • 

7*46 

On the other hand, if we compare the section of the ellipse. Fig. 1407, which is depressed 

F 
to - - = 0-20 with the segment of 60° or 0-134 x Q = F, drawn in a dotted line near it, we shall 

see that the aperture, or vent, which would result from the employment of each of these two 
curves would be the same, or nearly so ; the difierence will be still less on comparing the segment 
before mentioned with the curve of Fig. 1404. In this latter case it is indeed nothing. Practically, 
then, there would be no advantage whatever in employing an elliptical arch having a rise of less 
than ^ of the span, because in such a case we should have a curve too much depressed at the 
siunmit, and because this ellipse might be advantageously replaced by a segment w^ith a ru>c 

of , ,^ a£fbrding a vent equal to that of the ellipse. 
7*46 

In practice elliptical arches having a rise of less than ^ of the span have never been employed. 

General Values of the Elements serving to determine the depth at the crown of elliptical arches : — 

R = X 1183 - 1-366F; 

C = 0-30 + 005R. [7] 

Plan of Curves with several Centres. — Let A B, Fig. 1403, be the span of the arch, and I F the 
perpendicular on the middle of A B = the rise. 
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Describe the half-circnmfcrence A F' B with A A B for a radius. 

Divide the half-ciremnference A F' B into as many e<iual parts as there are to be centres. 

Produce the pcri)endicular I F as far as F', the point where it cuts the half-circumference and 
divides the top segment into two equal parts. 

Draw the chords B 1, 1 2, 2 F', F' 3, 3 4, 4 A. Take upon A B any two points r, at equal 
distances from the extremities A and B, which will bo the centres of the first arc of the curve and 
the radius of which will be B r. Tliroufjh the point r draw r o parallel to the radius 1 1, which 
will cut the chord B 1 in o and B o, and be the chord of the first arc. Through the point o draw op 
parallel to the chord 1 2 ; through the point F draw F/> parallel to the chord 2 F': the point of 
intersection p of the latter two imrallels will determine the cliord o/? of the second arc and the 
chord /> F of the half arc of the summit. Through the point ;) drawing p R parallel to 1 2, which 
will cut in r the radius o r produced, and in R the perpendicular I F produced, the axis of the 
arch : the points r' and R will be the centres of the second arc an<l of the arc of the siunmit. 
Figs. 1404, 1405, give illustrations of curves with 7 centres. It will be seen that the construction 
is exactly the same ; but the first two radii may be taken at pleasure, and the third, that of. the 
arc of the summit, may be determined as for Fig. 1403, which is the case of a curve with 5 
centres only. 

It follows from the means which we have pointed out that it would be necessary to proceed 
cautiously, in order to give the proper dimensions to the smaller radii necessary to produce a 
regular and graceful curve approaching as near as possible to the ellij)se. To avoid this we have 
drawn up Tables applicable to the describing of curves with 5 and 7 centres, and by means of 
which we may determine by a simple multiplication the length to be given to the first lesser 
radii of the curves. 

There are only two distinct conditions according to which elliptical curves may be traced : — 

1. Supposing that the angles in the centre of each of the arcs are equal to each other. 

2. That the magnitudes of the arcs are equal. 

We give Tables Nos. I. and II., which satisfy the former condition, and Nos. III. and FV., 
which satisfy the latter for curves with 5 and 7 centres. 



Elliptical Abches of 5 and 7 Centbes, equal Angled. 
No. I. No. n. 





. . 180' 




ISO' 








6 centres, Angles — 36°. 


1 centrea. Angles = —r— = 


= 26© 43'. 






Pboportioks: 




PBOrORTIOKB : 








Of the Rise 


or the iBt Radios 


or the Rise 


or the! St Radius 


Of the 2nd Radios 






1» 

—— to the Span. 


^ to the Span. 


if 
— — to the Span. 


OT 

— — to the Span. 


•^— to the Span. 






0-36 


0-278 


0-30 


192 


0-276 






0-35 


0-2G5 


0-29 


0-180 





263 






0-34 


0-252 


0-28 


0-168 


0- 


249 






0-33 


0-239 


0-27 


0-156 


0- 


236 




i 0-32 


0-225 


0-26 


0-145 





223 




0-31 


0-212 


0-25 


0-133 





210 




(1) 0-30 


0-198 


0-24 


0-123 





148 




0-29 


185 


0-23 


0113 





•187 




1 0-28 


0-171 


0-22 


0-104 





177 




1 




0-21 


0-095 





166 




1 




(2) 0-20 


0-086 


0-155 





Elliptical Abches, with Abcs of neablt equal Magnitudes. 5 Centbes. 

No. m. 



Pkopobtioks : 



F 



Of the Rise 



or the 1st Radios 
or 



,—— to the Span. . — — to the Span. 

i Q I Q 



0-36 
0-35 
0-34 
0-33 
0-32 
0-31 
0-30 
0-29 
0-28 



0-300 
0-289 
0-279 
0-268 
0-257 
0-246 
0-235 
0-224 
0-213 



Akglbs : 



or the 1st Radius 

with the Horizontal 

Line of the Springing. 



49 

50 20 

51 40 
53 
64 20 
55 40 

57 

58 20 

59 40 



or the 1st Radius 
with the 2nd. 



Of the 2nd 
Radius with 
the Vertical 



32 

30 40 

29 20 

28 

26 40 

25 20 

24 

23 40 

22 20 



9 
9 
9 
9 
9 
9 
9 
9 
9 
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Elliptical Arches with Arcs op nearly eqval Maonttudbb. 7 Centres. 

No. IV. 



Phoportions : 


Akqiks: 


OrtheKiseF 
to the Span Q. 


Of the ist 

Radias or to 

the Span Q. 


or the 2nd 

Radius ;> r to 

the Span Q. 


Of the Ist 
Radius with the 
Horizontal Line 
of tbe Springing. 


or the 1st 

Radius with the 

2nd. 


1 

or tbe 2nd 

Radios with tbe 

3rd. 


or tbe 3rd 
Radiiu tcith 
tbe VerticaL 








o » 


O 1 


O 1 


O r 


0-30 





220 


0-431 


44 53 


22 37 


16 30 


6 


0-29 


0- 


210 


0-425 


45 30 


22 30 


16 


6 


0-28 





200 


0-419 


46 7 


22 22 


15 30 


6 


0-27 





190 


0-413 


46 45 


22 15 


15 


6 


0-26 





180 


0-406 


47 23 


22 7 


14 30 


6 


0-25 





170 


0-400 


48 


22 


14 


6 


0-24 





160 


0-39i 


48 37 


21 53 


13 30 


6 


0-23 


0- 


150 


0-388 


49 14 


21 46 


13 


6 


0-22 





•140 


0-382 


49 51 


21 39 


12 30 


6 


0-21 


0- 


130 


0-376 


50 28 


21 32 


12 


6 


(3) 0-20 


120 


0-370 


51 


21 30 


12 


5 30 



NoTR. — ^llie horizontal columns marked by the figures (I), (2), (3), correspond to the examples given in Figs. U03 to 1406. 



1403. 



1404. 
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The rise and span of an arch being given, divide the rise by the span ; the quotient -^ will 

be one of the numbers of the first column on the left, or near it : the products of the span by the 
proportions corresponding to this quotient, situated on the same horizontal line, will give the 
length of the first radii. The radii near the summit of the curve must be determined from 
the diagram. 

It is necessary to remark that in the application of Tables Nos. III. and IV., in which the 
angles in the centre are not equal to each other, the divisions of the half-circumference must be 
made according to the angles indicated in these Tables. See application, Fig. 1405. 

The principles of our Tables have nothing absolute about them ; they may be varied on the 
plan and the number of centres increased, if it be found that the limits are too restricted ; for 
the construction employed for 5 and 7 centres is analogous to that to be employed for 9, 11, or 13 
centres. Only the flatness of tbe curve at the summit is proportional to the increase in the 
number of centres, and greater care is needed in the construction of the plan. Our Tables are 
designed only to give, within practical limits, the means of avoiding the necessity of making 



eipcrimenU, and of obtnining a priori the required enrvei. Onr p>npral formnln [5] gives tho 
yaiuea of the radii for a cuivo of 3 centres with Busies in the centrca equal. 

We do not advise the adoption of tho curve of 3 centres for a depression of less than 0-36, 
for in tijetwoviaduetsof Port-de-Pilcs and of Auzon (railway from Tours to Bordeaux), in I lie oon- 
struclion of which Roy took part, the former having throe arches of 31 mttres, and the latter Ave 
arches of 20 mJ'trea. The designs for elliptical archea of 3 eenlres with ausles in the centres 
equal, gave a depression of 0-33. In the execution of these wnrlts, recourse was obliged to bo 
had to curves of 5 ceutrea, berause with 3 centres ouly there was a very distinct angle at each 
change of curvature. 

Ti-acinj tir Ellipsis. — ]. Gordencr'B ellipsis. 

Let A B, Fig. HOti, be the span of the arcli and major axis of the ellipsia. Upon (be middle of 
A B raise the perpendicular I F equal to the rise of the nrch, which will be half the minor aiia of 
the ellipsis. From the point F, as a centre with J A B or I B a9 a radius, describe an arc cutting 
the line A B in two pointa, m and m', which will lie the foci of the ellipsiB. If at the foci m and m' 
we fix the ends of a thread, the whole length of which is equal to A B. the major axis of the 
ellipsis, and with a style keeping tho tlitead equally tenso, we move it round from B to F and A, 
tbeitylo will trace a curve whieli will bean clliiisis, and the right lines ma, ni'n; and mn', in'a', 
drawn from the pointa n and 'c* to the foci m and oi', arc radii vectores, and they show the poailions 
of the thread as the style moves round. 

1. Tho line bisecting tlie angle formed b; the two radii vectores from the same point in the 
ellipsis is a normal to the curve in this point. This property of tho ellipsis will furnish us with 
a ready meana of determining the joints of the vousHOirs. We will return to this subject presently. 

2. The plan of describing an ellipsis by meaTia of a thread is applicable only to the laying out of 
ganlena, from which its name ia derived. For plans of aichea where a very exact curve is required, 
we propose the following method : — 

^ulntilute for tho ordinary thread a piece of wire, the diameter of which should be from } to 4 
of a millimetre ; at the foci m and in', Figs. H08, 1403, fix two pins, which will serve as points iff 
rotation ; one of those pins passes 

through a hole in the midiUe of a '"''■ 

pair of pincers, closing with a screw, j 

the use of which is to hold flrmlv one 
end of the wire: tho other pin has a 
ring attached to it, to which the other 
end of the wire is fixed. The part d 
of the pincers is intended to hulance 
the pert c Instead of pincers, the 
part c might have a small eyiindrr 
with a ratchet wheel, m is a siniill 
flat piece of board, mounted on thrie 
follem turning on their centres: b i 
Eontal pulley of O'Oo in. diameter turning on 
a vertical axis fixed in the board m; around 
this pulley passes the wire which guides the 
elliptic track that must be followed by the 
board mi through a hole in tho board at q 
passes a style, loaded a little, if necesi 
render its trace upon the plan plaiuly 
The board m must always be moveil, so tuai 
the hole q is on the biaecling line of'the angle 
formed by the radii vectores. The curve thus 
described will be yet more exact if the pin of 
the pulley be made hoUow to enable the style 
to fMBB through it. 

Tracing an Ellipnis (Hrimgh Pni*n(».— Lot A B, 
Fig. 1110, - Q, I the middleof A B,and the pei- 

Sendiciilar ■ F = F,. The foci ra and ra' will be 
etcnnined in the manner shown. Figs, 1408 to 

1410. Fromthepoint iasacentre with Aior— 5" as a radius, describe the part of the cirele AD. 

At tho point A, the extremity of the major axis, erect tho perpendicular A N upoa A B, equal to 
A m', the distance from the locus to the extremity of the innjor axis. Joining the points D and 
N, the straight line D N produced will meet the major axis A B produced to a point K ; the straight 
line D N possesses properties which form the basis of the method wc are about to point out. 

1. It will be a tangent to the ellipaia at the point where it is met by a perpendicular to the 
major axis, erected from the focus m', 

'i. All the perpendicularato A B, erected ft'omany points between A and i and inc I ude<l between 
A B and ON, will be equal to the radius rector pasxing through the point in which the elliptiis 
would be met by each of these perpendiculara respectively. 

If, then, we take upon A ■ any points I, 2, 3. &c.. Bud erect the perpendicuLns to AB 11', — 
m'n', —22', — 33', which will meet the straight line D N in the points 1', — n'. — 2', —3', bT 
describing arcs of cireles with the focus m'as a centre and radii equal to the perpendiculars 11 , 
— fii' n', — 22', — 33', between A B and D N, the point in which each of the arcs cuts the perpen- 
dicular which has determined its radius will be a point in the ellipsis n, n', n", n'". 

If we now trace a curve pawing through all the points thna obtained, we shall have the quarter 
of KD dliptii, and the other half A the aich m«j be formsd in the aatae way. 




3. Niiiiierical tsIup o( the position of the foci. 

Wo have an the value of the digtaoco from Iho miildle of the mnjor axis to the foci :- 



i„' = v'a'_ 



F, bcc&use of the rectangular triangle m' { F. 

4. Nomerical value of the poeition of the line D K. 

AVb have as the v&luo of the tlietanca from the middle of the major axii to the point K mhm 

the line DN meeta the major aiia i* = , becaase of the Bimilar triangles DiKud 

O * 

D N 1-, whence D i = ^ . 

5. Values of the ordinates of the ellipeia. 

The perpendiculars In, — m' n', — 2 n', — 3 n"', inclndod between the major axis ond the turvf, 
are thcordinatesof the ellipsis. The parts of the major axia menaured from iti cittern ity A: Al. 
— A m', — A 2, — A 3, are the absoisBra of the above-mentioned ordinates. Eepresenting the 
nbuciiBiB by x and the ordinatM by y. 

Srclion of Elliplioal JrcAej.— We hnve y = -q" ^ -T — ^ i the ""(« of an ellipaia being Bqnl 
to IT, multiplied by the produot of the two half-eies, and representing the section of the ucbbyS, 

Dtiermtninq IKe Joints of the Foujiioirs.— When the thickness at the cmwn and at the spriiiei« 
hasbeou decided upon, the thickness at the springing being grenter than that at the cjown, it "ill 
bo necessary to trace the moan ellipsis, having just determined its fori : npon this ellipsis must be 
marked the divisions of the course of voussoirs. In each of these joints of division will be dete^ 
mined the bisecting line y p of the angle formed by the two radii 
vectorcs ' * ' •■'-■• ■"- ■■■" 

The chord of an arc or the span of a segmental arch being ' 
given, the radius of this arc is determined according to two different 
conditions, ace Fig. 1411. 

1, Tho rise required. 

2. Tho magnitude in degrees and minutes which it is neces- 
sary to give to this arc. 

~- ■ • ■ - ■ .. ... . - regjjgl] 



„ L-1. m 

" 2 F • 



F = R - COS. a X B. [12] 

Natl on Trigoaomelrti.— It will be necessary to give a few eiplanations of the chief terms '"*"^j 
in trigDnometry, to enable those of our readers who have not studied that science to employ U"^^ 
formulffl we have just adduced. The sine of an angle a b c, Fig. 1412, wjiieh we will call *^ 
is the per;)endicular m n let fall upon c b from tlie point m, where one of the ml. 

aides meets an arc described from the summit b, as a centre with a radius f 
of 1. The cosine of an angle is the portion of the side c b iocluded between r>, ^. 
the point n, the bottom of the perpendicular, and the summit 6 of the angle, ] ' ■" 
tho centre of the arc. The sine of en arc is tho perpendicular a d let fall 1 
from one of tho eitremities, a, of the arc upon the radius c b, [wasing [ 
through tlie other extremity, r, of the arc. The cosine of an arc is that : 
portion of the radius included between the end of the sinus d and the if 
centre b of the arc. The portion c if is called the versed sine, and is equal J^ - 
to the radius c b of the are, minus the ccaine d b. The tangent of an arc, 
1 c, is the perpendicular i; t erected from the eitKniity of one of its extreme radii, c b, and includedV 
between its point of contact, c, and the point, t, where it is met by the other extreme radius, a b,^ 
produced. The cotangent is the tangent of the complement of the arc, 

CAief Btlatiom of the Trigonomtirical Zi'iui.— The sinus of an angle or of an arc is eqnal to thc^ 
oosinus of its complement. The tangent of an angle or of an arc is equal to the cotangent of it^ 
complement, bencetheformulffii— Sin. a = coa. (90° — a); .... tang, n ^ cot. (90= — a). 

There are two kinds of tables giving the values of the trigonometrical lines : those giving the 
lognritljms of the values of these lines, and those giving their natural valaes. Of the former kind 
are the tables of CnlJetnnd De Lalande; of the latter are tljetablcsof Richard, and those contained. 
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in the works of Glaudel and Ghevallot. All tables are calculated for arcs having a radius of 1. 
They are usually arranged in the foUovring manner : the number of degrees is marked at the top 
of the page from to 45*^, and at the bottom from 45° to 90°, because, as we have said, the sine, 
tangent, cotangent, and cosine of an arc are equal respectively to the cosine, cotangent, tangent, and 
sine of their complement. The number of minutes for angles or arcs from to 45° are found on 
the left of the page, and for angles or arcs from 45° to 90° the numbers are on the right of the page. 
The values which are found in the horizontal line of each number of minutes, in tables of log. 
sines, cosines, &c., are the logarithms of the natural values of the sine, tangent, cotangent, and 
cosine of the angle or arc whose magnitude is expressed by the number of degrees at the top or 
bottom of the page, increased by the number of minutes found in the left column for the degrees 
which are marked at the top, and in the right column for degrees marked at the bottom. All these 
values, it must be remembered, are calculated for a radius of 1. In tables of log. sines, &c., the 
index is increased by 10. 

From the fact of the values of the trigonometrical lines being given for a radius of 1, it follows 
from a comparison of the similar triangles a d b and m n 6, that the sine, tangent, cotangent, and 
ooeine of arcs of different radii are to each other as their ra<Ui. Thus, when the value of a trigo- 
nometrical line has been found in the tables, we have to multiply this value by the radius of Sie 
arc in question in order to obtain its true value. The operations on the logarithms of the values 
of these lines are performed in the same way as on ordinary logarithms, and it will be necessary to 
remember that tne characteristic of all these logarithms (Tables of Hutton) is increased by 
10 units, and that the decimal part is always positive. 

FoBanjLA GiviNO the Depth at the Crown, and the Propobtions of the Radius to the 

Rise, for Arcs of given Magnitudes. 



Elemkxts of thb Arcs. 



Magnitude. | 



Radiiu = R. 



Rise = F. 



Depth at the Crown = C. 



120 
90 
60 
50 
40 



Q 
Q 
Q 
Q 
Q 



0-577 
0-707 
1000 
1-183 
1-462 



Q 
Q 

Q 
Q 
Q 



X 0-289 
X 0-207 
X0134 
X 0111 
X 0-092 



0-30 + 0-07R; 
0-30 + 0-05 R; 
0-30 + 0-04R; 
0-30 + 0-03 R, • 
0-30 + 0-02 R; 



13 

14 

15 

16l 

17 



Se^jments havimj M^iqnitudes intermediate to those given in the preceding/ Table.^To determine the 
depth at the crown of segmental arches having magnitudes intermediate to those given in the 
Table, find the depth with the radius of the arc to be employed for the two magnitudes between 
irhich that of the given arc lies ; a fourth proportional to the difference of the extreme magnitudes, 
k> the difference of the depths at the crown corresponding to these magnitudes and to the difference 
between the given and one of the extreme magnitudes, will be the quantity which must be added 
io or subtracted from the depth at the crown corresponding to the extreme magnitude which has 
ierved to determine the fourth term of the proportion. 

Example, — Let it be required to determine the depth at the crown of a segmental arch of 76° 
irith a radius of 10 metres. 

We shall have for 90® and R = 10™ ; C = 080 

and for .. .. 60° and R = 10» ; C = 0-70 



010 



Differences.. .. 80° 

^ , 30° 90° -76° , 010x14 . . .^ 

Therefore r-^r^= ; whence x = — = 0-046. 

0-10 X 30 

Hence for 76° and R = 1000; C = 080 - 0046 = 0754, this arch would have Q = 12«-312, 
P=2"12. 

The operation we have indicated will be indispensable only in the case of arcs of magnitudes 
lying between 120° and 90% and 90° and 60°, because below 60° the formulas giving the value of 
C for variations of 10° and the coeflScients of R varying also by 10 thousandths, it will be suflScient 
to add to the coefficient of the mamitude next smailcr, that of the one given, as many thousandths 
as there are degrees of difference between them. 

By performing an analogous operation upon the rise, the calculation of magnitudes may be 
iiYoided. The differences obtained will not be exactly the same, but they will be near enough for 
pxaetice, and the employment of trigonometry may thus be dispensed with. 

Referring to the foregoing example, we have: R = 10™; F = 2»-12; Q = 12«-312; whence 

^ = 0-172. The proportion of the rise to the span is included between the proportions 0-207 

^nd 0-134 of the formuhe, Nos. 14 and 15. Proceeding in the same way as for magnitudes, wo 
yiall have 

for -^ = 0-207; R = 10« ; C = 0-80; 
-^ = 0-134; R = 10«»; = 070; 



Differences 



0-073 



0-10 



2 T 
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Establishing the proportion 
F 



0073 0-207- 0-172 
010 ~ X 



^ „ ^ 0-10 X 0*35 
we shall have x = -— - — = 0*048. 



0*073 



Hence for -^ = 0*172 and R = 10»*00, C = 0«*752. 



Thus this example proves that the radius and the rise of an arch being given, we may 
determine the depth at the crown easily by the aid of our formula without first considering 
magnitudes. 

Gothic Arches. — The best form of Gothic arch is that consisting of two segments of 60°, in which 
R = Q. It is for this form only that we give a value for the depth at the crown, measured like 
all the preceding according to the vertical passing through the summit of the arch. 

In this case F = Q x 0*866 ; [18] 

and C = 0-30 + 004R. [19] 

Lateral Thrust of Arches. — The following formula will furnish a means of verifying the depths 
at the crown, determined according to our formula, and the arrangement of the extradoa, which we 
will discuss later. This formula denoting the horizontal thrust at the key is given regardless of 
an overweight or an accidental weight. 

T = the horizontal thrust for a given length of the arch. 
d = the weight per cubic m^tre of the masonry. 
C = the depth at the crown. 

r = the raaius of the intrados in semicircular arches ; the radius of the curve at the summit 
in arches with any kind of intrados. 



We have 



T = ---(2Cr+C2). 



[20] 



Arches of Cellars. — The depth at the crown of arches for cellars of dwelling-houses will be equal 
to the half of that of an arch of a bridge, of the same form and the same dimensions (span and 

nse)-. 

Arches of Buildings. — The depth at the crown of arches of buildings, such as arches of churches, 

will be equal to ^-^ of that of an arch of a bridge, of the same form and the same dimensions 



(span and rise) 



3-5 
C 

3-50 



Modification op the Depth at tphe Cbown according to the Nattbe op the Materials 

EMPLOYED, AND THE GREATEST RaDII'8 OP CURVATURE. 

The Radius of Curvature and the Employment of Material. — The general formulsB for the depth at 
the crown given in the preceding chapter were composed on the hypothesis that the employment 
of materials of various kinds, forming the intrados of arches, would be subject to tlie dimensions 
minima and maxima of the greatest radius of curvature of the arches, and which are shown in the 
following Table : — 



Nature of the MaterUU employed. 


Maximum Radius 
R. 


Mean Depth. 


Pmuire on square 0*01 
borne by the Masonry : 


At the 
Crown. 


At the Base of 
theFlera. 


Rough unhewn stone and concrete .. 

Unhewn stone, regular in shape, such as| 
calcareous limestones, laminated tra-> 
chyte, or rough-hewn stone ) 

Stone slightly hewn and bevelled .. 

Hewn or joggled stone and bricks . . . . 

Cut or free stone 


2-00 to "(3-00) 

4-00 to (5-00) 

8-00 
14 00 
20-00 


. . . • 

0-25 to 0-30 

0-33 
0-40 
0-60 


k. 
100 

2-50 

4-00 
5-50 
7-00 


k. 
600 

800 

12-00 
1500 
20 00 



Above a radius of 20 the mean depth of the cut stone should be increased by 0*03 for each extra 

metre of radius. 

This Table has been constructed on the supposition that lime only moderately hydranlic will 
be used. For cases in which lime eminently hydraulic is employed, the values 3" -00 ajid 
6™-00 are given. 

The slightly hewn stone, or ashlar, as we understand it, should have its beds bevelled to tho 
extent of 0*12, and the remainder of the bed not too much cut away; the joints should be per- 
pendicular to the facing to the extent of 08. Hewn or joggled, stone should have 0*20 of 
its beds bevelled, the remainder of the bed not too much cut away, and 0*10 of the joints square 
with the facing. Cut or free stone should have 0*40 of its beds bevelled, and 0*25 of the joints 

Suare with the facing. These regulations for the cutting of the stone constitute the utmost 
lowance which may be made if the work is to be properly executed. 

It is easily concoived that if, in the construction of an arch, whose greatest radius of curvatare 
is 14 metres, in which case we might employ hewn stone having a mean depth of 0"*40, we use 
cut stone having a mean depth of 0*60, this latter having a larger bed, the pressure will be spread 
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over a larger surface of stone lying well together and of great resisting power. The masonry of 
rough stone for filling up the haunches might, in such a case, be reduced in proportion to this 
spread of the pressure over a wider and well-resisting surface. 

Modification of Depth at the Crown. — Having regard to the preceding considerations, in order to 
take into account the various kinds of materials employed, with respect to — 1, the radius of curvature 
to which it is to be applied ; 2, the maxima to which each of them may bo employed according to 
the resistance it offers, and in accordance with the spirit of the general formula which we have 
given ; we have adopted the following rule for cases in which it is required to substitute for the 
materials considered in the general formula, as seen in the preceding Table, other materials capable 
of more or less resistance. 

C = depth at the crown according to the general formula. 

R = the radius of the intrados serving to determine the depth at the crown. 

Let R' = the radius maxima for tlie materials to be substituted for those which might be 
employed, according to the preceding Table, and C = the depth at the crown, modified by the 
materials substituted for those considiered in the general formula of the Table. 

We shall then have C = ^ • [21] 

/R' 

Example 1. — Let us consider a bridge with an elliptical arch in which R = 8"-00, and in the 
construction of which slightly hewn stone might be employed. Supposing that it is wished to 
substitute for it cut stone, we shall have R' = 20 * 00. 

0*70 

General value: C = 0*30 + 0*05 R = 0*70, whence C = ^a = ^*^^- 

V -8 

The Table shows that for a radius of 20" -00 the cut stone should have a mean depth of 0*60 ; 
when the result obtained is below this limit the conditions are changed, and this shows that the 
radius maxima for the materials should be less than 20 metres. We conclude from this that hewn 
stone should be substituted for cut stone, in order to keep within the limits assigned to each of 
these kinds of materials ; and we shall have on this last hypothesis : — 

C' = -1^=0-53. 
• 14" 

V-8- 

Example 2.— Let ufl consider the viaduct of St. Germain, inserted under No. 8 in the Compara- 
tive Table. 

We have R = 500. Being semicircular, C = 030 + 007 R = 0*65. 

In this case, according to the Table, slightly hewn stone should have been used ; but unhewn 
millstone grit was employed, for which the Table gives R' = 2*00; 

hence C' = -^^ = 102. 

The engineer, M. Flachat, gave 0™-95. 

These two examples thus prove that the rule we have established takes into account all the 
conditions of resistance which result from the employment of different kinds of material. 

The first example leads to the following conclusion : — Whenever the thickness at the crown, 
found for a kind of material that has been substituted for that which, in accordance with the 
Table, might have been employed, is less than the mean depth of the materials substituted, which 
depth is fixed in the Table, we ought to consider this substitution as impossible, and, further, to 
determine the minimum thickness at the crown with a kind of material of which the mean depth 
should not be greater than the thickness found for the crown. By proceeding in this manner, we 
shall keep within the bounds of safety, and be guided by a spirit of economy, which ought, except 
in circumstances of an extraordinary nature, to be considered in every undertaking. This minimum 
thickness being thus determined, it is obvious that it will be always allowable to employ cut for 
hewn stone, and hewn for slightly hewn stone. 

Power of Resistance.— li will be advantageous to give the results of experiments made upon 
various kinds of stone and mortar, in order to obtain a general knowledge of their powers of resist- 
ance. It will be necessary, however, to remember that these experiments were made in the 
laboratory, where time and destructive atmospheric agents could have no eflfect. All bodies 
possess more or less elasticity ; under the action of compression, or the reverse, their particles 
approach to or recede from each other ; these actions have limits beyond which bodies lose the 
power of resuming their primitive forms when the pressure is taken off, and other limits beyond 
which, the force of cohesion being exceeded and overcome, a rupture of the particles takes place : 
the former is the limit of elasticity, the latter the limit of resistance to a crushing or a tractive 
power. As compression is, generally speaking, the sole influence to which masonry is subjected, 
we shall consider its employment only with regard to this. In practice, stone may be considered 
as incompressible ; but when the pressure is exerted to a certain extent the hardest fly to pieces. 
The softer divide into two pyramids, whose bases are the upper and under surface of the stone, 
and whose summits are situated towards the centre ; the side portions are driven outwards in the 
form of spl^ters. It has been remarked that stones begin to crack as soon as the pressure exceeds 
the half of that required to crush them ; it is, therefore, at this moment that the ooheaioD of the 
puiiclefl is destniyed, and it is evident that this is the point which must not be exceeded in the 

2 Y 2 
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ease of masonry having a weight to support. Even this limit should not be reached if the supports 
are isolated. 

Experiments have shown that the weight which prismatic stones of the same nature will sup- 
port increases nearly as their density. The weight which stones of the same form and nature will 
support is proportional to the areas of the transverse sections. The resisting powers of three prisms 
of the same weight and the same nature, having equal bases, are to each other as the numbers 
703, 806, and 917, according as their bases are respectively rectangular, square, or circular; 
which shows that with an equal section a stone increases its power of resistance in proportion as it 
assumes the cylindrical form. 

Representing the resisting power of the cube by 1, that of the inscribed cvlinder will 
be 0'08; that of the same cylinder, placed upon a sharp edge, 0*32; and that of the inscribed 
sphere 0-26. 

It is easier to crush several stones placed one upon another than a solid block of the same form, 
the same dimensions, and the same nature. For three cubes placed one upon another, Bondelet 
discovered that the resistance was reduced about ^, a result which the interposition of mortar 
diminishes, and which is explained by the want o^ perfect contact of the surfaces. According 
to Yicat, a cube of 0*03 loses ^ of its strength when it is formed of eight small cubes, and \ when 
it is composed of four equal prisms with fixed joints. 

It follows from these facts that, having regard to the imperfections in the execution of work, 
in practice the permanent weight should not exceed -^ of that necessary to fracture the stone, and 
that, further, in structures composed of ordinary stone or of small materials the -^ or even the ^ 
should not be exceeded. In the slightest structures the ^ is not exceeded. 

According to Yicat, a piece of masonry, composed of cut stone, will, after ^Ye months, support a 
wei^lit of 200,000 kilogrammes per sq. m^tre without any alteration of surface, and an average of 
40,000 kilogrammes when constructed of unhewn stone lying well together, with mortar moderately 
hydraulic. The quality of the mortar employed may increase or diminish the powers of resistance, 
as is shown in our Table of pressures which the masonry has to support. We give for arches a 
force of pressure which is about } or ^ of that proposed by Yicat, and for perpendicular masonry it 
is nearly the same. 

Table op the Weight op a C5ubio M£:tbe op the dippebent Materials employed in Masonbt 
Works, with the Pressure per Square Centimetre necessary to crush them. 



Nature of the Materials. 



Basalt and porphyry 

Granite generally 

Sandstone, hard 

„ soft 

Calcareous, chonchyllious and hard 

„ compact (lithographic, lias) 

„ oolite (globulous) 

„ sandy 

Bricks, well burnt and hard 

„ ordinary burnt (Belgian) 

Ordinary plaster, mixed stiff, 30 hours after use 

„ ,, less stiff 

Concrete with hydraulic lime, 6 months after use . . 

Mortar, hydraulic lime, 15 days after use 

„ highly hydraulic lime, 15 days after use .. 
„ Yassy cement, half sand, 15 days after mixing .. 
„ highly hydraulic lime, 14 years after use .. 

„ ordinary hydraulic 

„ strong lime .. " 

See Specifio Gravity. 



WHghtofa 
Cubic M^tre. 



Crushing Prpssare 

to the Square 

Centimetre. 



kilos. 
2000 
2710 
2570 
2490 
2500 
2500 
2100 
2000 
1600 
2160 
1570 

1830 



kiloa. 

2000 

620 

890 

4 

400 

300 

110 

100 

140 

100 

50 

40 

40 

4 

8 

150 

154 

80 

20 



Note. — ^Theae reiistauces have been determined by experimenting upon cubes having a dimension of 0' 03 to 0* 06. 

Plan of the Curves of the Extrados. — Tracing the Curves of the Extrados. — In arches constructed 
in one of the usual forms the pressure which acts through the curve of the arch, called the curve 
of pressure, is the resultant of all the forces acting upon this arch ; and it is a principle that 
this pressure should increase from the crown to the springing. Hence it is necessary, to ensure 
the stability of the arch, that none of the points of this curve be without the section of the 
arch ; for in such a case the pressure would not be directly supported. From this fact, and from 
the principle alluded to above, it follows that the thickness of an arch, measured normally at the 
intrados, which serves as a basis for the form of the curve of pressure, should increase from the 
crown to the springing. 

We admit with M. Dujardin, author of ^ Houtine des Yodtes,' that an extrados constructed so that 
t?ie vertical projection from the part of the radius of curvature of the cttrve of the intrados, produced to 
any point between the intrados and the extrados, he always equal to the depth at the crown, complies 
sufficiently with the conditions of an increase of pressure, and g^ves the dimensions of the haunches 
of an arch in a way to render the disposal of the masonry simUar to aU points, Fig. 1413. 



BBIDGE. 693 

Lett) A = Rand til = C. Take iiny radios, om, and at the point mereot ft vertical mA = id 
s C ; throngh tbe point h draw the horizontal, meeting the tvdiiu om in the point n, to which the 
latter has been produced ; the point n will be a point 

of the ourre of the exlradoa, and m n the thicknesa of ^ 

the arch at the haunohe*. Proceed in a like manner 
for n'n'. B; joining all the points thua found we 
shall have the curve of the eitradoa. 

The numerical value of the thicknesa of the arch 
at the haunches will be as follows : — 

BepresentiDf; the angle hom, formed b^ the radina 
diswn to a point m, at which point it ia required to 
find the tbii^nem oi the arch b; a ; and the Uiiokneas 
of the arch by « ; we have b • 

This method of tracing the curve of the extradoe U simple and practical. Figs. 1414 to 1416 
are eiamples of archee of 10 mitres span. 




of rapture is determiDed hy 
with the veriieaL 



W 



In Fig. 1414 the joint of mptoie is ai 



Depthi of the Ctvim. 

Bemicirculat archea C = 

Elliptical C = 

SegmenUl of 60° C = 

„ of 50° C = 

ofir C = 0' 

Gothic C 



07 B. 
05 B. 
01 B. 



Values of B. 



Bemioircnlar arches 
Elliptical .. .. 



Oothio B = Q. 

Thickneai of the AbatmenU at the Springinge. 

Inallcaaes E = 020 + 030 (B + 2C). 

Gothic E = 0-20+ 015{B + 2C). 

Thicineis of the Piers at the Spnagitujs. 

With ItoS"" span P = 250 x C. 

e-andover P = 3 x C. 

Strengtheni'sg of the Head-batuis at the Bpringings. 




^rampfel.— Application of the method to a semicircular arch : AB = Q: CD =C, Pig.141*. 
Upon ac perpendicular to the line of the springing AB, erect from the centre a of the curve of the 
intndc«,a tuieoo'- CD = C the depth at the crown; and reiuiuk that o'D = 00 = B; from 
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tbe point o'dmwo'A'inrBlIel to the liDeoftheEpriiigiDg. Product ng the radii o<f,c 

toim; tbCBe radii vill cut the line t/ A' in the pointB l',2',3', and bo on ; if we now oc 

ndii from the pointB I, 2, 3. nnd bo od, where each of them cutx the line A B to the pcnnti 

1', 2', 3', 4', 5', G, 7', making them equal to d'D and eqaal abo to the radioH of the cnrre of 

the intrados, we »hall obtain a serieg of pointa D, 1', 2', 3', 4', 5', 6', T, which will determine the 

eurre of the extrados. 

Remarking that caob of the portions 01. 02, 3, and bo on, is eqnal to c' 1', c"2", £'"3", and 
that o' - C is the vertical projection from the portionB of the radii 1, 2, 3, we see that thij 
construction exactly fulflU tbe conditions alrcncly loentioned ; tliat the lertical projection from a 
part of tbe ttidiUB of curvature of llie curve of an arcb produced to any point withii tbe intndoi 
and the eitradOH is alwnya equal to the depth at the crown. 

We would remark that the curve in queation will never descend (in semicircular and elliptical 
bridges) to the level of the springing ; for thiB cnrve which ia determined by the alidin); of the 
extremity o' ota lineo'D along a line o' A', parallel lo that of the springing and diatant from thij 
latter by a quantity equal to the depth at the crown, the direction of which in this sliding motirai 
IB compelled to pass constantly tlirough the point o, tbe centre of the curve of the intradoa, thi* 
curve is a conchoid of which o' A' 

is the asymptote. The point of the '"'■ 

cnrve of the eitrados nearest the 

Elane of the springing will therefore 
e measured by infinity, «nd its 
distance from this plane would then 
be equal to the depth at the crown. '; 

t'lample 2. — For the segment 
we have proceeded in the same way 
as for the semicircle ; the deter- 
mining of the curve of the eitradoB 
stopping with the last radius o A, 
Fig. 1415, it tollowfl that the abut- 
ment rises above the plane of the 
springing by n quantity equal to 
the depth at tbe. crown. In prac- 
tice the exirados of tbe arch must 
be made to coincide with the top 
of the abutment according to the 
dotted lino. 

Kxample 3.— For the elliptical 
arch with five centres. Fig. H16, 
we have proceeded for each are of 
tbe ellipse in the same way he for 
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the half-circumference of the semicircular. Above each of the centres o, o, o, at a distance from 
these centres equal to the depth at the ctnwn. draw a horizontal, then at each extreme radios 
of the arcs of the intradoa find the points V—i'~d~^ by the aid of the portions of the radii of 
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For all elliptical arches, determine by the aid of a diagram the curve with 5 or 7 centres 
approaching as near as possible the given ellipsis of the intrados, and deduce from it the curve of 
the extrados as in the third example. In practice the extrados must be made to coincide with the 
abutment as shown by the dotted line. 

^ Almiments and Piers. — Thickness of the Abutments at the Plane of the Springing. — Let B = the 
thickness of the abutments at the plane of the springing for arches of all forms, and H = the 
height of the abutments or piers, we have already K = the radius of the intrados serving to 
determine the depth at the crown, and G = the depth at the crown. 

For any span and any form of arch we shall have 

E = 0*20 + 0*30 (B + 2 C); [22] 

except for the Gk>thio arch of two segments of 60, when 

E = 0-20 + 0-30 (t+ Q2c\ 

The height of the abutments should not exceed 

H = Qxl-60. [23] 

Except in cases of absolute necessity, the height should never exceed 

H = Q X 2. [24] 

The first value of H will give to bridges of one arch the most solid appearance, a quality which 
public works ought to possess ; it is also the limit of the conditions of great stability. The second 
value of H corresponds to the architectural proportions of a portico; it is also suited to large 
viaducts. 

Facing of the Abutments on the Land Side. — The thickness of the abutments at the plane of the 
springing having been determined by formula [22], the exterior facing (the land sides) will be 
constructed with a talus of ^ or 0*20 the metre of height. The thickness of the abutments at the 
base will, therefore, be 

= E + 0*20H. [25] 

This talus nearly corresponds with the retreats which many builders give to their works; this 
method, we think, ought to be abandoned on the ground of producing results opposed to those to 
obtain which it is adopted, namely, greater stability than with the talus. Each retreat is a 
reservoir of water furnishing a means of enabling it to penetrate the masonry. 

In the case of the talus or slope we have taken the mean of the thicknesses at the springing and 
at the base. This mean may be taken in practice as the uniform thickness of the abutment, the 
value of which will be 

E' = E + HxO-10. [26] 

In this case the exterior facing will be vertical. This arrangement will have the following 
inconvenience : — The pressure supported by the masonry on the level of the foundations will be 
much greater than that supported at the springing, a fact which might in certain soils be of grave 
consequences. Besides this, such an arrangement does not correspond in direction of resistance to 
the pressure of the arch. 

The tliickness of the abutments thus found needs no assistance of walls, which, if used, will be 
additional guarantees of stability. When massive walls are placed behind the abutments, if the 
sum of the mean thicknesses of these two walls be equal to half the width of the work between 
the headings, openings in the form of arches may be made in the abutments without endangering 
the solidity of the work. In this way a considerable saving may be effected. 

It vrill not be prudent, however, to hollow the abutment between the walls throughout the 

'Whole of its height, for there should always be at the springing a mass of masonry of a width 

equal to that prescribed by the formula, to provide against the settling down of the masonry at 

"^he head and flanks of the arch in consequence of the slipping to which the latter is liable when 

there is not sufficient surface to resist the pressure. 

Thickness of the Piers at the Springing.— Lei P = the thickness of the piers at the springing, 
«nd F = the talus of the piers per m^tre of height. For a span of 1 * 00 to 8 or 10 * 00 we shall have 

P = C X 2*50, [27] 

twice and a half the thickness at the crown. 

For a span above 10'°*00 we have 

P = C X 3, [28] 

three times the thickness at the crown. 

Talus of the piers a metre of height in all cases 

:j«ft or F = 0-025. [29] 

The body of the piers will thus increase to a metre of height by ^ or 0*05. 

Besides this, it is well to give as much projection as possible to the socles in order to spread 
the pressure over a wider surface of natural groimd. The nature of the soil, the importance of the 
work, the flow of the water, and the form of the foundation must guide the builder in the con- 
struction of the basis. His duty is to see that the works be firmly placed and protected from the 
undermining action of the water. 

General Information. — According to statements made by Bondelet, in his *Art de Batir,* we find : — 
That thickness of the piers of a semicircular arch being = 1, the thickness of the piers for one 
and the same span will be, for — 

Gothic arch of two segments of 60° = 70 Elliptical depressed to ^ .. .. = 1*35 

Semicircular =1*00 „ „ to t*^ .. ..=1-40 

EUiptical depressed to I =118 Plat-band =1-40 
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That representing the thmst of a semicircular arch by 1, the relative thrust of other archei 
will be — 



Gothic of two segments of 60° . . = • 50 

Semicircular =1*00 

Elliptical depressed to ^ = 1*40 



Elliptical depressed to ^ .. .. = 1*93 

„ to^Jj .. .. = 1-91 

Plat-band = 195 



Position of the Joints of Jiupturc—li follows from the facts which we have gathered from 
various works, tliat tlie position of the joints of rupture in bridpjes of the semicircular and elliptical 
forms may be determined in a general manner by the intersection of a parallel at the level of the 
springing, with the curve of the intradoa and the distance of which from the level of the springing 
iiJ h i' h ^^ \ of *Jie rise according as the rise itself is J, i, J, or | of the span. Calling V V this 
vertical distance, we have the proportion : — 

V V F F* 

J^ = ^, whence VV' = :L. [30] 

This formula is strictly in accordance with the position of the joint of rapture in semicircular 
bridges, which is always considered as l>eing on the radius inclined to 30° with the horizontal. In 
segmental bridges, so long as their magnitude is less than 120% the joint of rupture is at the springing 
of the arch. 

Proportions of the various Parts. — Head-hands of Arches, — These should have a greater thicknes 
at the springing than at the crown. This arrangement, which is more rational than one of uni- 
formity, gives the work a certain stamp of solidity ; this kind of band is called strengthened. 

In arches of moderate span, the thickness of the band at the crown is made equal to the body of 
the arch = C. 

The thickness at the level of the springing being represented for all forms of arches by B, we 
shall have 

B = C-h ~-x0025; 

orB = C.f-^-. 

For a span not exceeding 4 *00 the band may be parallel ; for in such a case the increase would be 
hardly apparent, and it seems to us useless to introduce such a condition into small works. 

In arches of a wide span, 20 or 30 metres, the thickness of the head-band is often made less 
than that of the body of the arch. This reduction varies from 0* 10 to 0*20, according to the hard- 
ness of the materials or the taste of the builder. While giving the work a bolder appearance, this 
reduction in no way compromises its solidity. It is besides quite in harmony with the principles 
which we have made known. 

Tracing the Exterior Curve of the Head-hand, — In semicircular arches the eztrados will be deter- 

Q 

mined by a segment, the centre of which will be below that of the intrados by -^ x 0*025, and the 

radius of this arc will then be equal to R -f G -(- --^ • 

^ 80 

In elliptical bridges, first determine the value of B, then divide the increase of the thickness 
of the band, or the difference between the thicknesses at the crown and at the springing, by the 
length of the lialf of the curve of the intrados (measured simply with the compasses) ; this will give 
the increase of the band for cncli metro of length. Multiplying this quantity by the length, 1, of the 
half-arc of the siunmit, 2, of each of the other arcs of the ellipse, we shall have the thickness of the 
band at each change of curvature. The arc of the summit will be determined by three points, and 
will have its centre at n ; the centre of the second arc will be found upon the last radius passing 
through n. It is besides determined in position by its two extremities, and its centre will then be 
at n'; in the same way we shall have the centre n", Fig. 1416. 

For elliptical arches we may also trace the ellipse of the extrados, the major and minor axes ' 
which will be determined by : -The major axis = Q -h 2 B, and half tlie minor axis = F -h O. 

In these kinds of arches the joints of the voussoirs should be traced according to the normal 
at the mean curve of the liead-band, and not according to the noniials at the intrados ; by thi 
means the pressure is distributed more equally on the planes of the joints. This arrangements 
corresponds in some degree to the inclining of the planes of the joints recommended in the learned^ 
work of Yvon-Villarceau on * The Construction of the Arches of Bridges considered with regard to» 
their Stability.* 

For segmental bridges the extrados will be a segment having three points, the crown and th^ 
springings : its centre will be in n, Fig. 1415. 

The Voussoirs. — The key voussoir ought always to be a header; and, as far as possible, the 
springers should be the same. Now the key is always like the first voussoir when the half of 
the total number of voussoirs of one head minus one is an even number. We are thus able to fis 
a priori the number of voussoirs to be put into an arch, and the builder will be guided by this in 
regulating the piers and abutments. 

Plinths and Cordons,— -l^i the total height of the structure from the top of the foundations to 
the bottom of the plinths = H, the height of the plinth = A, and the ledge of the plinth = », then 
in all cases 

A = 0-20-1- 002 H. [32] 

For plinths without mouldings for small structures. s= \h\ 
n pUnths with mouldings 8 = 070h, [33] 
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When it ia required to Rain width dud to nUce the pftrapet beyond the masonry, it will be 
necessary to mit B coaaole under the plioth, the height of which console will be 70 A. We have 
P = the thicknesa of the piere. 

Eepresenting the height of the cordon also by A, we shall have 

A = ^. [34] 

Eowevei, in cases in which the height of the cordon thus fbrmed would exceed that of the plinth, 
it will be necessary to reduce it end to malte it equal to this latter. 
For details of mouldings, see Figa. 1417 to H23. 
Details. — Fien : — Thickness of the piers at the plane of BprinKing : — 

lat, up to 10 metres span P = 2-50 x C. 

2nd, under 10 metres span P = 3 x C. 

Slope to a nt^tre in height, - 025, or ^. 
Pliaihs aud Car'loixs .-— 

Total beiffht from the top of the fonndations to the mider-side of the plinth = H. 

Total thickneas of Ibo pliolh = h. 

We shall have h = 0'20 + 0-002 x H. 

T j_ * IV _!■ 11. f Small works 0-50 x S. 

'-"^'■'"'■P'""' (Lug. work. 0-70 x». 

Total height of the cordons A* ^ ^ of the thickness of the pier. If this thickness exceeds that 
of the plinth, reduce h' — h. 

The deaiipia of cordon and plinth, Figa. 1417 to 1423, are apecimena in which nil the dimenaiopg 
of ledges, plat-bamis, and fillets are given, supposing the height A to bo unit;. 




BattreMtt. — The brecwlth of buttresses will be equal to the thickness of the plinth. 

Geaenil Obatrvntioa on Ihe Omstructiun of Arches. — We strongly recommend the placing of ftonifcrs 
here and there in arches of wide span ; the bonders should be of out stone of a mean depth twice 
that of the materials employed in the construction of the arches ; iron cramps, set in cement, may 
be used to hold firmly together the stones composing the bonders. This latter anangement hsis 
been tested by eipcrience. 

The arches of the celebrated bridge built by Ferronet, over the Seine at Neuilly, one of which 
is shown in ['ig. 1424, are 12)i ft. span, aud the radiusof the circle, of which the coincident portions 
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Ck)MPABATITE TaBLE OF THE PBIKCIFAL DiXEmOII 



No. 



NaMK or THB WOSK. 



PllBSKKT DoCBSSIOirS. 



Nambcr 

of 
Arches. 



1 
2 

8 

4 
5 

6 

7 

8 

• 

9 

10 

11 
12 
13 
14 
15 



IsT. Semictbculab Abches. 
Bridge at Romilly, over the Cheran 
Bridge at Avignon (Rhone) . . 

Aqaeduct of Spolette (Italy) . . 

Bridge at Malign J 

Bridge at Furand, over the Furand 



Viaduct at Stockport 



16 

17 
18 

19 

20 

21 
22 

23 
24 



riaduct at La Manse, on the railway | 
from Tours to Bordeaux . . . . / 

Viaduct at St. Germain (railway) .. 

Viaduct at Beaugency (railway) . . 

{Boadways over the railway (Toursl 
to Bordeaux) / 

Boadways under the same 

fAqueducts, or small single arch) 
\ bridges, under the same . . . . / 

yy (southern railway) 






i> 



2in>. Elliftioal Abchss. 

Bridge at Gignac, over the Herault | 

Bridge at Neuilly, over the Seine . . 

{Bridge at Port de Piles (rail), over| 
the Greuse / 

(Bridge at Auzon (railway), over the*^ 
Vienne / 



Bridge at Bordeaux 



25 
26 



Bridge at Ghavannes 
^Bridge over the Brusche (railway in| 

\ Alsace) i 

/Bridge over the canal at Ellesmere\ 



\ (England) 






Pont de r Alma, over the Seine . . | 

Sbd. Segmental Abches. 

1st, 120° and over. 
Bridge over Doux, near Toumon . . 

Bridge over the Gonon (England) . . 



1 
21 

10 

1 
1 

22 

15 

20 

2500 



1 
2 

5 

3 



17 

7 
4 



1 
2 



1 
5 



Span of 

the 
Arches. 



38*90 
31-36 

21-44 

2600 
2000 

19-80 

15 00 

10-00 

8-40 

8-00 

7-00 
500 
2-00 
2-00 
1-00 



48-72 
25-34 

38-98 

31-00 

2000 

26-501 

to 
20-80] 
1300 

10-00 

4-90 

43-00 
38-40 



47-78 

/ one \ 

i\19-82/ 



Lonf^ 
Badhis. 



19-45 
15-68 

21-44 

13-00 
10-00 

9-90 

7-50 

5-00 

4-20 

4-00 

3-50 
2-50 
1-00 
1-00 
0-50 



35-89 
12-67 

48-73 

21-60 

14-50 



9-43 
7-14 

3-66 

53-75 
50-56 



24 06 
11-10 



Rise of 

the 
Arches. 



Propor^ 
tion of 

the Rite 
to the 
Span. 



19 



45 



13 -301 
12-67/ 

9-75 

11-00 

6-67 



8-81 

4-55 
3-00 

1-83 

8-60 
7-70 



0-50 



w 



0-50 



19-82 
610 



0-275 

0-250 
0-355 

0-333 

0-332 

0-350 
0-333 

0-373 

0-20 
0-20 



0-414 
0-307 



Magnitude 

of the Arc 

of the 

longest 

Radius. 



IS(P 



>» 



180«> 



»» 

»» 

>» 

w 
»l 

M 

n 
n 
»i 
»i 



60° 



n 



157° 34' 
127** 12' 



ThiclmeBi: 



or the 
Arches 

at the 
Grown. 



Of the 

Pien 

at the 

Spring 



OTd 



1-62 
0-74 



3-57 



0-92 
1-00 

0-84 

0-90 

0-95 

0-80 

/0-65\l 
\0-60/i 
j0-65\l 
\0-60/ 
0-55 

0-29 

0-20 
/0-40\ 
\0-30/ 

1-95 

1-62 
1-30 

1-10 

1-20 

0-65 
0-72 

0-31 

1-50 
1-50 



3*04 
3-40 
1-90 
1-60 



0-85 
0*92 



7-80 

4-22 
5-50 

2-60 

4-20 

4-55 
1-50 



5*00 



2-44 



th 
8|vc 



6*96 26'^ 



3-6 

8-5 



2-01 

2-ai 

2-0( 
l-5( 



0-5! 



11 -Oi 

9« 
7-3( 

10-8( 



6'5C 
2-7C 

0-92 

lo'oo 



I 
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COMPABATIYB TaBLE OF THE PRINCIPAL DlMENSIONB OF BlUDGBl, 



Ko. 



Name or toe Wobx. 



Present DuExsioKt. 



Number 

of 
Arches. 



Span of 

the 
Axchea. 



Longest 
Riidiuji. 



2nd, from 120° to 90°. 

o#7 '/Bridge at Verone, near Vieux-\ 
^ \ Ch&teau / 

28 Bridge over the Taaf (England) . . 

29 Specimen of passage over railway .. 

3rd, from 90° to 60°. 
GoTered bridge at Florence (Italy) 



80 

81 

82 

33 

34 
35 

86 
37 

38 

39 
40 
41 

42 
43 



44 
45 



(Bridge at Grosvenor, over the Dce\ 
(England) / 



Bridge at Munich (Bavaria) .. 
Bridge at Glasgow 



Specimen of passage over railway . . 
Bridge at Brunoy 

4th, from 60° to 40°, and under. 

Bridge at Homps, over the Ande . . 
/Bridge at Yal-Benoist Railway \ 
(Belgium) 



\ 



] 



/Bridge at Staples Railway (Amiens\ 
to Boulogne) 



\ 



I 



j one \ 
,\44-50/ 



1 I 46-47 
1 15-20 



29-25 



61-00 



Pont d'Jena, over the Seine (Paris) 
Specimen of passage under railway 
„ „ (Northern Railway) 

/Pont au Double, over the Seine \ 
(Paris) 



1 
3 



3 
5 

15 

5 
1 
1 



\ 



} 



Pont de la Concorde, Seine (Paris) 



Bridge at Moret, over the Loing . . 
Bridge at Nemours, over the Loing 



1 
2 
2 

3 
3 



31 
17 

12 
5 



21 

20 

14 

28 
8 
7 

31 



31 
28 
25 

25 
16 



20 

70 

00 
85 



40 
00 

00 

00 
00 
40 

05 



18 
26 
34 

30 
24 



Rise of 

the 
Arches. 



Propor- 

tiOQOf 

the Rise 
to the 
Span. 



Mi^pnitode 

of the Arc 

of the 

longest 

Badios. 



Thicknefls: 



Of the ^^ 
J^iJ^ iSpring- 



28-62 


10-90 


0-245 


102° 04' 


29-42 
10-75 


11-37 
3-15 


0-245 
0-207 


104° 20' 
90° 00' 


21-20 


5-85 


0-200 


87*17' 


44-23 


12-20 


0-200 


87° 16' 


26-00 


6-20 


0-167 


73° 44' 


13-33 


3-35 


0-189 


85° 10' 


10-00 
5-85 


200 
0-79 


0-167 
0-135 


73° 44' 
60° 00' 


21-40 


2-87 


0-135 


60° 00' 


20-00 


2-68 


0135 


60° 00' 


13-85 


1-90 


0-136 


60° 44' 


31-35 

8-70 
8-50 


3-30 
1-00 
0-90 


0-105 
0-125 
0-122 


53° 05' 
56° 8' 40" 
51° 36' 


41-67 


3-00 


0-096 


43° 42' 


42-20 
38-86 
42-14 


2-99 
2-66 
1-95 


0-096 
0-094 
0-077 


43° 20' 
42° 39' 
35° 00' 


46-77 
30-21 


1-85 
0-97 


0-073 
0-060 


31° 20' 
15° 35' 



1-62 11-05 

1-13 
0-90 



1*62 



1-22 



1-30 

0-76 

0-75 
0-65 



1-30 
1-00 



7-85 



2-92 
2-75 

i-is 

3-57 
2-50 



0-70 1-75 



1-44 
0-70 
0-65 

1-60 



1-13 
1-05 
0-97 

1-30 
0-97 



3*00 



2-92 



2-43 
1-95 



ios. 



1-90 
8-25 



8-77 



6-00 

9-75 
2-10 
3-86 



I 



16-24 



4-87 



of the outer segmental arch are parts, is 160 ft. A comparison of this bridge with a bridge on the 
same plan, after the designs of Roy, will be found at No. 17 in the Table, page 698. 

Along the line of the Highland Railway numerous bridges and viaducts have had to be 
erected. Fig. 1425 is of the viaduct which spans the river Gonon, in Ross-shire. From ciieiim- 
stances it was necessary that this bridge should cross the river on a skew of 45° to the stream, and 
as there were rock foundations, there was no difficulty to contend with beyond that of 4 ft. or 5 ft. 
of water in the channel of the river to reach the rock. The peculiarity of the skew with the river 
at this place could have been more easily provided for by the adoption of iron girders from pier to 
pier, but as it was found that iron girders would be fully as expensive and not so permanent 
as a stone bridge, and as there were admirable quarries in the neighbourhood, Joseph Mitchell, the 
engineer of the line, resolved to construct this oridge on a skew of 45° with the nver, by a aeries 
of right-angled ribs or arches spanning from pier to pier. The bridge consists of five arches of 
73 ft. span each, the arches being constructed of four ribs, each 3 ft 9 in. wide ; the arch stones 
are 4 ft. deep at the springing, and 3 ft. deep at the crown. The key-stones of the centre part of 
each arch were made to connect with each other, as were the stones in the haunchings of the 
arches, and some cramps of iron were inserted at the joints to connect the ribs. The work iras 
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WicbekiDg 
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Designs liy Petronet 



O = 0-30 + 005E. 



3&i 

7'OG 
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mm oublUbnl, this dlffn- 



4-S7 { 

1040 
3-lS 

3-09 

13-47 ! 
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Buccessfiilly accomplished, and constitutes a very perfect piece of bridge maaonry. The total 
len^h of the bridge is 540 ft., and the height 45 ft. from the bed of the river. The north 
abutment is founded 304 ft. lower down the river than the south. The whole bridge was con- 
structed for a single line of rails. 

J. A. Boehling's System of BridcfeJniilding : the Parabolic TVtiss. — ^Let acb and adb, Fig. 1426, repre- 
sent parabolic curves of the same deflection and span. The upper curve forms an upright arch, whidi 
Eresses against the points a and 6. If these points are connected ^^je. 

y the chord a 6, and this chord balances the pressure at a and 6, - 

the chord and the arch will be in equilibrium and at rest. .x^^>^ 

The inverted parabolic arch a rf 6, freely suspended between ^y ^ j^ ^ s^ 

a and 6, will, on the other hand, produce an inside pressure upon ^ 1 -^^^ 

these two points of support. If the two arches are equally and ^^^^ j _^^ J 

uniformly loaded, their strains at a and 6 will be the same, and *^s^| & ^^^ 

in the directions of their respective tangents a/, 6/, and ae^eh. ^^> ^ ^^^ <^ i 

We may therefore remove the chord a 6, and in its place suspend ^v^ ! ^y^ • 

the arch adh\ then the outward pressure, exerted by the upright ^^^3^^ J \ 

arch upon a and 6, will be met and balanced by the inward pres- r 

sure at a and 6, produced by the suspended arch adh. The /"^ 

two arches are tnerefore in equilibrium, without any inter- v^^ 

mediate chord. 

In a bowstring girder or arch nearly the same amount of material must be expended in the 
chord a h which is required in the arch itself. But the chord adds nothing to the supporting 
power of the arch. On the other hand, by suspending the subverted arch a rf6, we may dispense 
with the chord, and at the same time we have doubled the supporting power of the system. The 
great economy of the parabolic beam is therefore apparent at a glance. All that is required in 
practice is to provide sufficient panelling, and light bracing inside of the arches, in order to 
preserve their form and equilibrium under variable loads. It will be shown hereafter that a greater 
amount of material must be expended to obtain the same strength in other systems of girders 
and trusses. 

To ascertain the forces of tension and compression at a and 6, produced by the upright and 
suspended arch, draw the parallelogram afbe, the sides forming tangents to the curves. The 
pressures caused by the upright arch will then be represented by a / and b /, and the tension 
caused by the suspended arch is measured hy ae and 6 e. Suppose the weight W to represent the 
whole weight of the upright arch, then this weight will act through the linear braces fa and fh 
upon a and 6, and its relative magnitude is represented by the diagonal / E, which is the resultant 
of the two forces /a and /6. Let the pressure at a or 6 be denoted by P, then is W : P = */ : a/; 

and therefore, P = W — ^ . Let x represent the deflection, or verse sine, gc or gd, y — half the 

chord a g or g b; and suppose the curves to be parabolas, then g c will b e equal to c /, or, 
x= igf=igB; and a/* = "o^ +77* = y* + 4 x«, or, af= V y* + 4 or*. Substituting thia 

value in the equation for P, and 4 x for ef, we have P = -j — V y* + 4 a?*. The tension T, 

2 X 

caused by the suspended cable at a and 6, is equal to P, and found by the same formula. 

As an example, let us suppose the span of the arch to be 500 ft., its verse sine 50 ft., and its 
total weight 500 tons ; to find the pressure or tension at the points of support, we then have 

500 ^/^^ ~* 

^ = T7^^250 + 4x50. 

P = 500 X --- = 500 X 1*34. 
P = 670 tons. 

The figure 1 • 34 represents a variable coefficient, which is dependent upon x and y, but independent 
of the weight W. We may therefore, for convenience sake, compose a table of coefficients which will 
facilitate rapid calculations. The following Table gives the coefficients for versed sines of ^ of the 
span to-jiy; — 

1-94. 

As an example, suppose a span of 1000 ft., verse sine |, or 125 ft., and load 1000 tons. The 
coefficient of pressure or tension in the Table is 1 * 118, therefore the pressure or tension is 

1000 X 1118 = 1118 tons. 

As another example, suppose the same span and load with a verse sine of -^ of the span = 
66*66 ft., then the coefficient in the Table is 1 '94, and therefore the pressure or tension is 

1000 X 1-94 = 1940 tons. 

It may be necessary to calculate the exact length of the arch, suspended or upright, measured 

by the curve. Let Z denote one-half the length of the curve, then is Z = v y* + -s- **. This 

3 

formula applies to a parabola, and is much more simple than the formula for a true catenary. It 

is sufficiently correct for practice, provided x is not greater than y. 

To determine the deflection x from the length of the curve and of the span, the following 
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eqiiation will answer : x = V^ -^ (Z' — y^. These formulas are needed in order to calculate the 

rise or fall of an arch, duo to its expansion or contraction from variations of temperature. 

This diagram represents half a parabola, with its ordinates and abscissas. Now it is a 

X X 

property of the parabola that a? : ar' = y* : y'* ; from this we deduce ar' = -jy'^; also, a" = — y"« ; 

and so on. When, therefore, x and y are known, we can calculate the ordinates «', ar", *"', x^^^ for 
any abscissa. This will enable us to lay down the curve of the upright arch, or to calculate the 
length of suspenders for the suspended cable. 

To ascertain the compression of the arch at its crown c, Fig. 1426, or the tension of the cable 
at its lowest point (/, draw the lines e h and 6 h parallel to y 6 and g e vo. Fig. 1427 ; then the 
diagonal he represents the strain at 6, while eh ^^^ 

represents the horizontal strain at d or c, and ^h 

represents the vertical pressure produced upon 6 ^ps, '^ " lo 

or a, either by the arch or cable. 6 h being equal 

to c ef or 2 X, of course the sum of the vertical pros- | ^ 

sures at a and 6 is equal to the whole weight of i 

the arch or W. j 

In a similar manner can the compression or j 
tension of the arch be ascertained at any other 
point of the curve by simply laying down a tangent and drawing out its parallelogram. The 
tension or compression is thus found to increase gradually from the centre to the points of 
rapport. 

By lajring down the curves accurately on a large scale, all the different strains may be measured 
by the scale sufficiently accurate for all practical purposes. 

General Description. — The three openings of this bridge are spanned by two parallel continuous 
parabolic trusses, 1184 ft. in length, at a distance of 14 ft. apart in the clear; the floor beams for 
support of the track resting upon the lower chords. This superstructure is firmly fixed upon one 
of the two middle piers, while it rests upon roller-plates on all the other piers. This arrangement, 
therefore, admits of free contraction ana expansion, caused by changes of temperature. It will be 
noticed that the toWers which support the cables on the middle piers, form integral parts of the 
movable structure, and consequently will change their position in unison with the other parts of 
the work, when affected by contraction or expansion. The cables together with the arches form 
one united system, all moving together uniformly when thus influenced. 

The railway track is supported at intervals of 5 ft. by rolled iron beams of 12 in. depth and 
21 ft. 5 in. in length. The rails rest upon wooden stringers, 12 x 12, which are stren^hened in 
depth by timber bridgings, 6 x 12, fitted in between the iron beams. A longitudinal iron beam 
of 9 in. depth underneath the bridging, suspended by bolts to the wooden stringer, adds further 
to the depth of bearing, which is wanted to distribute the concentrated weight of the locomotive 
drivers, and thus diminish their kneading action. Every second cross beam is suspended to the 
cables by means of suspenders, but each of the beams is also firmly riveted to the lower chords by 
sixteen rivets of \ in. diameter. This union forms the only connecting link between the arches 
and the cables. 

There is one truss on each side of the track, and each is double throughout from end to end, 
leaving an open space 24 in. in width between the posts. In the centre of this space the cable is 
freely suspended in a vertical plane, parallel to the trusses ; the suspenders run down in the same 
plane ; so also do the wire-rope stays, which pass over the towers below the cables. Where the 
stays cross the suspenders, they are united with them by wire wrappings, for the purpose of pre- 
serving their straight lines, and to prevent oscillations. 

The principal features, which g^ve supporting strength as well as stiffness to the trusses, are 
the arches. The cables, which co-operate with the arches, are designed for strength alone, with- 
out adding much to stiffness. An additional source of strength as well as stiffness is obtained by 
the wire-rope stays, six on each tower ; these are also very efficient in preserving the equilibrium 
between the spans under the action of variable loads, and also in relieving the arches at the 
haunches, where assistance is most needed. 

At the extreme ends of the trusses four light double wire-rope stays are added to give addi- 
tional strength and stifihess to those points. 

At the first glance this plan may appear a complicated arrangement, defeating its own end by 
the want of internal harmony among its different parts. But no view could be more mistaken. In 
place of exhibiting a want of harmony, this system will be found in its practical working so 
oo-operative and mutually supporting in its various parts, that nothing will be left to desire. No 
system is possible which, under the action of passing and variable loads, will be affected with 
perfect uniformity in all its parts, so that all the different members will be exposed to the same 
uniform proportional strain. Uniformity of strain in a plate-girder, in a lattice-girder, or in anv 
other triangular or panelled truss, is out of the question. The arch alone, upright or suspended, 
comes nearer than any other system toward fulfilling this condition. When a load is placed upon 
any one point of the arch, the compression or tension thereby produced upon its section will be felt 
nearly alike throughout its whole extent, solong as its statical form is maintained. The capacity 
of the arch to maintain its form is strongest about the centre. Impressions upon the haunches are 
more apt to produce dislocations in other corresponding parts. To meet this weakness, stays are 
introduced next to the towers. So far as they extend, they are strong enough to support the 
maximum weight of that part of the structure as well as the load. Each stay in connection with 
the floor and tower forms a fixed triangle. This simple system of stays, as here designed, is the 
perfection of trussing. Nothing can be more perfect, or more simple, effective, and economical. 



1 



704 BRIDGE. 

In the Niagara, Cincinnati, and Alleghany bridges, the conditions upon which the true action of 
stays depend are only partially fulfilled, because of the different material of the towers and the 
neutrality of the floor. And yet with these drawbacks, the stays in these works answer such an 
admirable purpose, that they could not be supplanted by another arrangement. But in the plan 
before us all parts are composed of the same material, and are allowed to expand and to contract 
freely, and consequently their harmonious action cannot be disturbed on that score. 

Suppose the section of the arch was doubled, and made strong enough to support a maximum 
load and the superstructure; and suppose, further, that its ends were connected oy a chord strong 
enough to resist the thrust ; all that would then be needed would, by common consent, be span- 
drils of siifficient stiffness to preserve its form under the action of variable loads. No engineer 
would doubt the stability of this simple arch. Now, in the plan before us, we employ the suqb 
arch, but of only half the section. This deficiency of strengrth is made up by the suspended aich; 
and in place of heavy spandrils we introduce a light panel-trussing througnout its whole extent, 
which will be found more effective in reality than any system of spandrils can possibly be made. 
This panel-trussing, judging from experience on the Niagara Bridge, will be round abundantly 
effective to preserve the form of the arch. If there were no adjoining spans, and if there were no 
necessity for towers for the support of the cables, nothing more would be needed. But the towers 
being there, the application of stays becomes at once one of the most economical as well as most 
efiicient means to still further secure the stability of the whole system. Only fourteen panels are 
left without stays in the centre opening, reducing this distance to 280 ft. In this space the arch 
and the panel-work have to maintain their form alone, not counting upon the assistance of the 
cables. With reference to stiffness alone, the plan before us may also be considered in the light 
of a simple bowstring-girder, with this difference in favour of the Parabolic Truss, that the 
haunches of the arch are greatly assisted by the stays. 

The harmony of action between the arches and cables, when under the influence of yariable 
loads, now remains to be considered. Inside of the space of the central opening, between the two 
longest stays, a distance of 280 ft., a want of uniformity of action is utterly impossible, because the 
least impression upon the arch will be equally felt by the cable throughout its whole extent, and 
will be checked by the upward resistance of the superstructure. As the cable becomes depressed, 
every other point tends to rise, but is prevented by the weight and stiffness of the truss, the arch, 
and the panels. Considering now that the weight of the middle span is G40 tons, the local impres- 
sion made by a 40-ton locomotive will be no more than is due to the natural elasticity of the material 
composing the truss. The cables being the most sensitive members of the system, their action will 
greatly tend to spread every local impression over a large extent, and thus neutralize its effects by 
engaging all parts of the system to resist. 

So far as the stays extend, no local depression whatever can be produced, because every attach- 
ment of stay forms a fixed point, which, in connection with the arches, cables, and panel-braces, 
will be found sufficiently rigid to resist the severest local action beyond that due to the natural 
elasticity of the materials. Roebling is positive in this statement, because his observations on the 
suspension-bridges he built fully justify him in making it If any one will take the trouble to 
scrutinize the action of the Niagara Bridge under the passage of a single heavy locomotive and 
tender with sufficient care and attention, and, by means of a level placed in one of the towers, will 
observe the progressive depressions of that structure, which take place from the tower toward the 
centre, he will di»cover scarcely any depression inside of the reach of the stays. Beyond the stays, 
toward the centre, the depression increases rapidly, and becomes greatest in the centre. Similar 
facts will bo noticed on the Cincinnati Bridge, under the action of a number of heavily-laden 
teams, following each other in close succession. 

The cables and stays are securely fixed upon the cast-iron saddles, which are mounted upon 
the tops of the wrought-iron towers by means of cushions, held down by screws. The height of 
the towers being G2 ft. above the base, and the supporting columns of an elastic material, they 
will yield a little, when one span is fully taxed with a maximum load, while the adjoining spans 
are empty. This yield will be imperceptible to the eye, but will no doubt bo susceptible of mea- 
surement. And as this movement will not result from the free working of the different members 
of the system, but will be entirely due to the elastic yield of the materials, it may be repeated 
indefinitely without impairing the integrity and safety of the structure. 

Since wire possesses a much greater degree of elasticity than bar-iron, one very great advantage 
of the cables and stays will be, that ordinarily, when not taxed by any load, the greater part of 
the w^eight of the structure will be borne by the wire. Under the action of light loads, the cables 
and stays will continue to bear the greater sliaro ; but when taxed with heavy trains, then the 
arches will also receive their full proportion. When the structure is relieved, the cables and stays 
will again contract and support the largest share. And so long as this process is kept within the 
limits of natural elasticity, allowing for an ample margin, the structure will remain perfectly safe 
and intact. 

Each of the two cables is represented as composed of nineteen wire-ropes. Ropes will be found 
in practice to be tlie most economical means of forming tlie cables, also the easiest to put up, and 
the quickest. Cables made of wire laid parallel may also be constructed by those who have 
experience in this process, and know how to make a good cable ; but the same amount of wire 
laid parallel into cables will give less strength th^ the same amount of wire laid into rope, 
provided the lay in the latter is long, and tliat its manufacture has been conducted with the 
necessary care and proper machinery. It is impossible to obtain perfectly unifonn tension in a 
parallel cable, but it is possible to do so in a rope. The cost of the two, per pound, will be about 
the same, and of course the strongest should be preferred. 

In place of making the cables of wire, they can also be made of iron or steel bands, provided 
the bands are rolled full length, so that they can be laid into the cable without splicing. The 
rolling of bands, say 4 in. wide and } in. thick, and 1000 ft. or more in length, is a process which 
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Tbe ultimata itreni;:!!! of each of these Btays is 
Mmmed equal to 100 tons, and ire therefore get 
their aapprating power m follows :— 

For b/! = 6000 

,. bd = 6000 + 72 = 83-33 

„ hf = 6000 + 85 = 70-58 

„ */ = 6000 + 100 = 6000 

.. bff = 6000 + 117 = 61-25 

., bh = 6000 + 13* = 44-77 

Total supporting power of 6 Btaya, in toDi 40519 

24 „ „ 1620-76 

Allow I of ultimate Btrenglh 324-15 

Each stay ptodDces a horizontal atrain upon the lower chord, which is to its sapporting pown 
nr vertical action, as is the base of the trianf^le to it^ hcii^ht. Thai the horizontal action of Hkt 
■tay 6 c is represented by the base-line nc ^ 20. and its vertical action by a b ^ 60, and itsdimi 
action b; 6c = 63. If, therefore, tbe horizontal action is dmoted by x, we find its valne fbt 
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J = 100 X M = 55-55 

— , X = 100 X 11 = 70-58 

6/ "^ — J I = 100 X t5Ri = 80-00 

bq ^ — . I = 100 X m = 85-47 

hh «— -., X = 100 X HS = 89-55 

Aggregate ultimate horizontal action of 6 stays, in tons 412-89 

Allow i 82-58 

The weight of the central span is, in tons C42 

Wc wiU aatome it at 660 

The greatest possible transitory load which can bo placed npon this span 
would be a train of locomotives, estimated at the rate of 1} too a 
lineal foot, or for a length of 500 ft., at 750 

Therefore, aggregate weifcht of snperstmctnre and toad 1400 

Dednot the supporting power of 24 slays, allowiog \ of their ultimate 

strength 324 

Leaves for the support of the arches and tbe cables .. .. 107S 

In order to avail ourselves fully of the economical principle of the Pambolio Tmsa, it is very 
evident that the tension produced by the <«blcB should be ciaclly bahineed by tbe compreenon of 
the arches, because the one supports the other. This exact balance of the two forces must exist ■( 
the anchor-platca, located at the ends of the aupentruclure, on the abatmeuts, or od the pien, 
which serve aa iucb. 

Those plates firmly hold the ends of the cables, and at the same time serve M snpporta for the 
ends of the arches. To further simplify thix investigation at its present stage, we will assume 
that if the tension of the cables and the compreBsion of the arches are equal to CAch other in the 
central span, then also the same balance will exist at the anchor-plates. This is not strictly the 
&ct; but for the purpose of making the qucation plain, and to avoid intricate mathematical 
formnlBs, such aa would not prove palatable to the piactical engineer, and would, moreover, add 
nothing to the accuracy of this invcxtigntion, but, oo tbe contrary, would tend to obacure the 
aubieet, at present, however, we aaaume it lo be a fact. 

The length of span from centre to centre of towers is 530 ft., and the defection of the cables is 
60 ft. The ratio of deflection, therefore, is 1 : 8- 83. From the table ot coefflcienta. we find the 
ratio of weight and tension for ^ — 1-23. It will be near enough to assume it hero at 1 '22. 

Tho span of tbe lowest tier of arches is 516 ft., and its versed sine or rise 4U ft., and the ratio 
of deflection is 12-90 ft. The oorrcapondiug cocfBciont of compression in the table we find to be 
1-70 ft. 

Let us represent the weight to be borne by the cables bj z, and the weight to bo suppcrted by 
tho arches by y, then will lie the tension of the cables = 1-22 1, the compression of the arcbi 
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1 '70y. And sinoe the condition is that the tension of the cables should equal the compression of 
the arches, therefore ial'22x = I'ly. But the aggregate weight to be borne by the arches and 
cables was found to be 1076 tons. Therefore, x + y = 1076, or y = 1076 — x. Substitute this 
value in the previous equation, and we have l*22d7 = 1*7 (1076 — x), and x = 626*43 tons; and 
also, y = 1076 - 626*43 = 449*57 tons. 

From the foregoing we now find that the tension of the cable is 626*43 x 1 *22 = 764*24 tons. 

Compression of the arches is 449*57 X 1*70 = 764*27 tons, 

both about the same. 

The question may be asked here, why the weight resting upon the arches and cables is not 
equally divided ? If this was done, then it would be necessary to observe the same ratio of span 
and versed sine for the cables as well as for the arches. But this would reduce the deflection of 
cables, and thereby diminish their supporting power ; or it would increase the rise of the arch 
and nukke the structure too top-heavy and too deep in the centre. On further investigation it will 
be discovered that the proportions here assumed are efficient and economical. The more weight 
thrown upon the cables, the cheaper the structure will be. But at the same time a certain amount 
must be reserved for the arches, else they will be too light, and the balance between the centre 
span and the side spans may be endangered under the action of heavy transitory loads. Each 
cable is composed of nineteen smaller cables or wire-ropes. The maximum tension of each rope is, 
therefore, 764 -^ 38 = 20* 10 tons. 

Allowing six times the strength, we have the ultimate strength of each rope, 20*10 x 6 
= 120*60 tons. 

Each arch is composed of twelve channel-bars, 9 in. deep ; we therefore find the tn^yiVinTn 
compression of each of the channel-bars, 764 -i- 24 = 31 *83 tons. 

Allowing a maximum compressive force of 4 tons to 1 sq. in. of wrought iron, we get the section 
ofeachbar, 31*83 + 4 = 7*96 sq. in. 

In the estimate of weight this section was assumed at 7^ sq. in. average, at the same time 
allowing 25 sq. in. section for the top plates in the centre. The compression at the crown being 
less, the estimate is sufficiently correct for the present 

For much larger spans than 500 ft., it may be found more economical, and at the same time 
safer, to employ a mild steel for the arches, and also to manufacture the cables out of cast-steel 
wire. But it would be a mistake to do so in this plan, because the weight of the structure would 
thereby be too much reduced for safety, and its cost would be enlarged. To ensure a proper degree 
of stability between the spans under the action of heavy transitory loads, the weight of the bSuo 
ture should not be less than 1 ton to a foot lineal, for a single-track railway, on the supposition 
that the maximum transitory weights do not exceed 1^ ton the foot. In this country, where 

2 tons a foot are required by law, a greater weight of structure will be needed in proportion. But 
for the railway traffic of America, an allowance of 3000 lbs. maximum load for single track is 
amply sufficient. 

The cables of the side spans form portions of the same curve as those of the middle span. The 
only difference is, that they are cut off 62 ft. beyond the centre. An exact half-span would 
measure 265 ft. from centre of tower to end of truss. But the actual length of the truss is 62 ft. 
more, which makes 327 ft., the object being to make the side spans about 300 ft. in the clear at 
low-water mark. Whether the cable is anchored at that point or is continued, its tension will not 
vary, provided its weight or load per unit of length remains the same. In proportioning the arches 
of the side spans, two conditions have to be fulfilled. Their horizontal thrust at the foot of the 
towers must balance the horizontal pressure caused by the arches of the central span. Secondly, 
their horizontal pressure against the anchor-plates must balance the horizontal tension of the 
cables at those points. These two conditions will determine the proportions of the arches as well 
as the length of the spans. If, on the other hand, the length of span is fixed, we can also propor- 
tion the arches and cables so as to fulfil the above conditions. An easy and practical method for 
a preliminary investigation, is to lay down the curve of the table, then construct a full arch,' 
similar to the central arch, on thick drawing-paper, cut out its curved outline and lay it down 
upon the plan ; then try its various positions, to find out approximately what length of span and 
what proportions wiU about suit. This examination made, we can then calculate the proportions 
of the arch, its supporting power, and its pressure at th^oot and at the anchor-plate. This pro- 
cess, repeated a few times, will bring us near enough to*he exact quantities which are required. 
A practical method like this will be found much more satisfactory, and at the same time easier 
and more certain than the use of complicated equations. 

By lowering the anchor-plate, we shorten the cable until we have reached its centre, which 
fcHrms an exact naif-span. By raising the anchor-plate, we lengthen out the span, and the greatest 
length will be obtained when the plate is at the level of the upper chord. In that case the arch 
wotdd have to rise above the upper chord. On the other hand, we can also reduce this span to less 
than a true half-span by moving the anchor-plate back until we meet the upper chord. This point 
of intersection will then have a strong tendency to rise, which must be met by anchoring to the 
masonry in such a manner that contraction and expansion from changes of temperature will not 
be interfered with. 

Strains in Arches and Cabies.^The trusses of the side spans are 327 ft. long, measured from the 
centre of tower. The arches of the side span form part of a curve whose chord is 352 ft. in length 
with a versed sine of 18*8 ft. The ratio of defiection to span is therefore as 1 : 18*72, and the 
coefficient of compression 2*4. 

The greatest weight upon the arches of the central span is 460 tons. 
Or per foot lineal, 450 4- 500 = 0*9 „ 

The weight upon the side arches will be nearly the same per lineal foot, and we will compute 

2 z 2 
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their compression by supposing their whole length weighted down at the same rate. This giTes t 
total weight of 352 x 0*9 = 316*8 tons. Hence their compression at the foot of tower, 
316-8 X 2-4 = 760-32 tons. 

To illustrate : 

Let d e, Fig. 1432, represent half the 
chord of the central arch, 258 ft. long, 
ef twice the height of its rise, equal to 
80 ft., then the hypothenuse <i/ will form 
a tangent to the arch, and will measure 
270, omitting fractions. Now, the com- 
pression of this arch is represented by df, its horizontal thrust by de, and its vertical pressure 
oy fe. Consequently, we nnd the horizontal thrust of the central arches (since the oompressioD is 
449-57 X 1-70) 

764 X 258 
764 : a? :: 270 : 258* = — 5=^ — ,or X = 730 tons. 

Also let a 6, Fig. 1431, represent half the chord of the side arch, equal to 176 ft., and a c its double 
rise, equal to 37*6, then 6 c represents the tangent, and will measure 180 ft The horizontal thrust 

Tfift V 1 7ft 

of the arch is then found, 760 : x = 180 : 176 x = — -— r — = 743 tons. There is a difference of 

lol/ 

13 tons on the part of the side arch, which is readily met by the strength of the lower chord and 
the stability of the foot of the tower. 

Again, let Fig. 1433 represent a rectangular triangle, where a 6 is one-half of the main span 
or 265 ft., 6 c twice the versed sine of the cables or 120 ft., then ac is the tangent, equal to 291, 
and represents the tension of the cable, while a 6 is its horizontal force, and 6 c its veriioJ pressure. 

We therefore find the horizontal force or x; 291 : 265 : : 764 : x = — ^^ = 696 tons. 

1434. 





In Fig. 1434, let a be the centre of the anchor-plate, ad a horizontal line 40 ft. long, b c verticAl 
to it ; then make dc = 7*25, and d b =: 4*0, a c wiU be = 40*65, and ab = 40*20 ; ac represents 
the tangent of the arch, and a b the tangent of the cable. In order to find the horizontal force of 
the cable and arch at a, we must first ascertain their relative tension and compression at this pointi 

Tom. ■ 

The tension of the cable at the top of the tower is 764 

And in the centre of the curve 696 



Difference 68 

The decrease of tension being nearly uniform, we find the tension at the 

anchor-plate about 712 

The compression of the arch at the tower is 760 

And at the centre 743 



Difference 

The compression at the anchor-plate we find about 

We can now ascertain the horizontal force of the cable at the point a : 

712 V 40 
712 : X = 40*20 : 40*00x = ,A = 708 tons. 

40*2 

In the same way the horizontal thrust of the arches is found : 



17 
747 



747 :x = 40-65 :40x = 



747x40 
40-65 



= 753 tons. 



The horizontal pressure of the arches is therefore 27 tons greater than the horizontal force of 
the cables. This excess is easily met by the resistance of the framing, composed of the upper and 
lower chords, and by the action of the abutment-stays. A few light tie-rods, extending from the 
anchor-plates to the lower chords, will also balance this excess. But if there was a necessity to 
establish an exact balance between the horizontal action of the arches and cables, without changing 
the length of span, all that would be required is to shorten the full chord of the arch, and to 
increase its versed sine a few feet, which change would pass them through the upper chord. This 
change is not desirable, but may be met by increasing the height of the trusses to the same extent. 
Roebling, however, prefers to leave the proportions as thev are, because the ends of the side spans 
will be found in practice to need more stifibess thioi other parts of the work, and this will be 
obtained by an increase of stiffness in the arch. 

To add still more to the stiffness of the ends, four light wire-rope stays or ties have been intro- 
duced, of sufiicient strength to prevent oscillations. To meet the horizontal action of these stays 
an excess of strength will be found in the upper and lower chords. Another object of these stays 
is to resist the downward pressure of the three wire-rope stays below the floor. The object of these 
stays is threefold. First, they will assist in preventing oscillations from passing loadb ; secondly, 
they will resist the uplifting tendency of heavy storms and hurricanes ; and, thirdly, they will 
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greatly assist the free and eas^ expansion of the stmotme caused by a great increase of temperature* 
Such assistance is desirable m case of a single-track bridge, when care must be had to provide 
enough safeguards to maintain lateral stiffness and to prevent the structure from getting out of 
line. The great tendency of the cables to assume a vertical plane will of course contribute very 
much to the horizontal stability of the arches ; but it is still advisable to avail ourselves of such a 
chean and effective auxiliary as will be provided by these under-floor stays. Their tension should 
be aojusted so that a maximum contraction in the winter caused by their own shrinkage and the 
shortening of the superstructuro will not overtax their strength. But it will be observed that the 
tighter they are the more power they will possess to pull the structure back, when an increase of 
temperature occurs. On that side of the main span, where its whole length, together with one 
gide span, expands and contracts in one, still longer stays may be applied, if it should be found 
desirable ; and also heavy weights suspended to it to give them more deflection without an increase 
of tension, and thus to render them more efficient and safe in the performance of their task. 

The ends of the trusses are further secured verticallv, as well as laterally, by two wire-ropes, 
one on each side of the structure, anchored to the pier by joints, which will admit freely of the 
movement of the upper ends, where they are fastened to the top chords, in accordance with the 
contraction and expansion of the structure. 

Statical dmdition of the Structure under the Action of variable Loads. — Suppose a maximum transitory 
weight of 750 tons evenly distributed over the whole length of the central span, and no loads upon 
the side spans, what will be the statical condition ? 

The following Table exhibits the relative portions of weight borne by the stays, the cables, and 
the arches of the central span when taxed with a maximum load, including superstructure. 



Borne by stays 
cables 
arches 



n 



Total 



Weight of 
Superstructure. 



Timnsitoiy 
Load. 



tOD8. 

150 
290 
210 



G50 



tons. 
174 
S36 
240 



ToUl 
Weight. 



tons. 
324 
62G 
450 



750 



1400 



We will first consider the action of the stays. This action is twofold : first they exert a force 
upon the top of the tower, which may be resolved in a horizontal and vertical direction, and will 
be fully considered hereafter. Secondly, their force produces a horizontal tension as well as 
compression upon the lower chords. Now, as there is a system of stays on each side of the tower, 
if their horizontal action is the same, the compression of the chords on the one side will be met by 
the compression on the other side, and there will be equilibrium. But if the side span is relieved 
of its transient load, while the main span remains loaded, then the equilibrium between the 
opposite stays will be disturbed. ' The tension of the stays on the side span being relieved, the 
top of the tower will slightly yield toward the main span, as far as will be permittedby its inherent 
elasticity and stiffness. This will partially restore the lost tension of the stays, and the horizontal 
compression of the chords will remain nearly the same. No other change can result, because the 
stability of the towers will be maintained by the leverage of the side span, as will appear hereafter. 

Next, let us consider the condition of the central arches, under a pressure of 240 tons produced 
by the transitory load, without any corresponding weight upon the arches of the side spans. The 
compression at the foot of the arches, caused by the above weight, is 240 x 1 '7 = 408 tons, and 

the horizontal thrust. Fig. 1432, 408 x — = 390 tons. 

The ends of the arches being connected by the lower chords and framing of the floor, these 
parts wUl be exposed to this thrust most directly. Allowing 5 tons m a xim u m tension a sq. in., 

a section of — - = 78 sq. in. will be required. Now the lower chords are composed of eight 

channel-bars of 7J sq. in. section each, making 60 sq. in. Add the sections of the 9" girders, 
midemeath the tracks, which are brought into full action by the braces at the towers, 18 sq. in. 

The excess of pressure of the central arches is therefore fully met. But the three spans form 
one continuous truss, and consequently a great resistance will also be offered by the upper chords 
and by the inherent stiffness of the whole structure. It is therefore plain, that so far as the 
arches are concerned, their stabiUty and safety under the action of the heaviest transitory loads 

are sufficiently secured. , . , . , ^i .^ j x- i- xu 1 1 ■■ 

It remains now to examine the conditions brought about by the united action of the cables and 

stays when taxed by a maximum load in the main span, without corresponding loads in the side 

spiuiB. Tons. 

The weight upon the cables caused by this load is found in the above Table . . 336 

And the tension at the top of towers, 336 X 1-22 JtlO 

265 
The horizontal force acting at the saddle is found to be, Fig. 1433, 410 x ^gj = 873 

Add to this the horizontal force produced by 12 stays J^ 

Total 538 



Now thii combined fowe ecl« upon the lop of the towera, ito height serring u a Ibtm, with i 
dency to lift the adjoining side epan. The moment of thia force, Uierefore, is 538 x 62 = 33356. 
The weight of superstiucture of the middle ipan was assumed at 650 tons, or per foot Unal 

^ = I ' 3 ton. The weight of the aide span per foot lineal b about 1 ' 2 ton. The length </ 

the side span is 327 feot. ConBeqnently iU total weight, 327 x 1 2 = S 

ThJH weight may now bo supposed ns acting at the cent ' " ~" 
action in maintaining the stability of the whole, is equal t< 
quently the mnraont of force ia aQ2-i x 1C3-5 = 64157. 

But the end of the bide itpan ia held down and kept from rising by tt 
floor and by the two powerful wire-tope bracea which secure their lateral poi 
resistances may be estimated at , „ 

Iiast at 100 tons, and this force 
acta with a leverage equal to 
the whole length of the side 
apan; oonsequently ita moment 
ia 327 X 100 = a2700. 

Total moment, 93.857, or 
nearly three times as much aa 
needed to maintnin anequilibi 

The above investigationg autho- 
rize Iho conclusion that this Para- 
bolic TruBa ia not only amply atrong 
In all ib) ditTerent parts when uni- 
formly loaded, but that its safety and 
stability are ahio amply provided 
for under the variable action of 
maximum loads. Indeed, when com- 
piring the rates of allowances made 
In this plan, with those uaualty 
observed with iron railway-bridges 
in this country, where cast iron ia 
so abunlantty maile i^se of, it would 
almoHt appear there ia an unneces- 
sary strength provided for. 

Boller-plalt).— The whole length 
ofparabolic superstructure is 1184 ft., 
and forms one single continuoua 
tmsB, whose integrity and continuity 
mnst not be interfered with in any 
way whatever. Hence the great im- 
portance of providing for eflScient 
means to facilitate the free contrac- 
tion and expansion of the worEi in 
consequence of changes of tempera- 
ture. The Buperstructuro is perma- 
nently fastened and anchored upon 
one of the middle plera, and from 
this llied point the side span wl- 
joining is allowed to expwid and 
contract. A roller-frame is there- 
fore placed upon the abutment, or 
upon the pier, which serves as such. 
On the opposite side, the middle 
span together with the aide span con- 
tracts and expands as one, and con- 
sequently roller-franipa are placed 
upon the second raidille pier, as well 
as upon the abutment. 

No strife or interference between 
the different parts of the structure 
can take place while this process of 
contraction and cxi«nsion ia ^oing 
on, because all parta are miule of 
the same kind of material — wrought 
iron — and therefore the arches, 
cables, chords, and towera will go 
and come in the same relative ratio. 
When the temperature increases, the 
chords, arches, and cables will in- 
crease their length, and the whole 
structure wilt be lengthened out. 
The panel or truss posts will in- 
crease their length : in the same 
ratio the arches will rise and the 





csblca trill dnk, preMrrinK • uni- 
form taDBioo amcmg the sospendere 

•ml panel-rods. At the mne time 

the towers will rsise their heads 

ud oompeiuate for the increased 

length of cables and ataya. The 

whale tniss majr be considered as 

hatened to one metallic sheet in a 

Terticat position, expanding or con- 
tracting in all directions. 

A bar of wrought iron 150,000 ft. 

in lengtii will expand or contract 

1 fl. tor every degree of change. 

Now UBuming the eitremea of t^- 

parmtnTB at 150°, the extreme limit 

of coDtrBoticm and expansion of one 

middle and ride span, which mea- 

mrea 857 ft. in length, will be 

0-857 ft. The roller-plates on that 

abntment most therefore allow of 

this nmoli play. Whether the tem- 

penttore a the iron nses to 120' 

in a July son, or falls to 30° below 

zero in the dead of winter, we are 

■nre that aU parts of the stmcture 

will freely accommodate tbenuelTes 

to these changes, and will never 

IkH on that account to Hupport their 

allotted parts. 

An inspection of the ctdbs and 
longitudinal section af roller-plates, 
Fig. 1435, will make their simple 

construction perfectly plain. Both 
the upper and lower plates are of 

cast iron ; the rollers between are 

of WTOoght iron. The inner faces 

of the plates must be planed off true, 

so that the bearing of the rollers, 

which are all turned off to the same 

diameter, will be even and oniform. 
It is customan to connect the rollers 
by a frame : but this is an unneces- 
sary expense and no improTsmenl. 
The edges of the rollers are slightly 
roonded off, say i in., and the plates 
confine the rollers between flanges 
1 in. deep. These flanges are sloped 
^ in., which prevents friction be- 
tween them and the rollers. At the 
same time the slope is too steep to 
admit of the monnting upon it of 
the edges of the rollers. To ensure 
parallelism between the rollers, they 
are placed together where the pres- 
sure is very great, and where the 
pressure is light, as in the case 
before ns, they are spaced by insert- 
ing between them strips of seasoned pine-wood well Boahed fn linseed oil. With the weight of the 
ttroctnre upon the plates the rollers will keep their relative positions. It is easier and cheaper to 
ensure parallelism on this plan than by the employment ot roller-framen. Steel rollora are some- 
timei used in place of iron rollers. But this is objectionable in connection with cast-iron plates. 
The lollen on the towers of the Niagara Bridge are made of cannon-metal, and are 5 in. in diameter. 
When steel is nsed for rollers, both plates should be faced with steel ; if not, then the haid rollers 
will make an impression on the softer cast iron. 

The rollers exhibited. Fig. 1435, are V 4" long and 3" in diameter. The plates are 8" thick. 
The lower plate is well settled on a heavy bed of rich cement-mortar. The wooden strips between 
the rollers are not represented on the plates which support the tower. Figs. 1436, 1437. 

Tcmk™.— The towera are 62 ft. high above the roller-plates. Each tower. Figs. 1436. 1437. is 
oomposed of two shafts, which form parts of the trusses, and are flrmly connected with the chords 
and arohes. Each of (he shafts is composed of three columns, and each coliunn again may be 
otmstruoted either of four, six, or eight seclions. Fig. 1438 exhibits a section of a column com- 
posed of six segments. In Figs. 1436, 1437, the columns are drawn with four segments only. The 
interior circle of the column is assumed at Iti in. The shafts being S'J' 2" high from the roller- 
plate to the saddle, the sections may be rolled aliout 20 or 30 ft, long, so as to break joints, Every 
joiul must be covered by a splicing-plate inside. The intermediate plates which connect the 
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segments, also breaking joints with them, will likewise add to the finnness of the oolnmns. Both 
ends of the columns are to be planed off true, and so must be the end of every intermediate piece, 
so that every joint will make a tight fit. The respective columns of the opposite shafts are con- 
nected horizontally by a system of channel-bars and diagonals, which will fully ensure their latenl 
security. This is further increased by two lattice-beams, which connect the cast-iron saddles, as 
is plainly exhibited in Fig. 1437. The top roller- 
plate being planed off on both sides, the lower ends 1438, 

of the columns will have a fair level seat upon them. / ^^ 

The shafts are thus enclosed between the foot of the •'^Imii-fcyiirf^^ 

arches and the lower chords, and firmly connected / ° J)l^ 

with them laterally by flat bars, angle-irons, and / /w^ ^^W \ 

stay-bolts. When the flanges of the inner channel- L^J ^l2_J 

bars and those of the colunms meet and interfere SSr 16* ^bS^^^^'^ 

with each other, they are cut away for a few inches. C^m m ) 

The truss-posts at the towers are also firmly con- \ ° ^L M ° / 

nected with the shafts, and so are the upper chords, \ o^fc^^^^JK** / 

and these connections will add much to the strength vl^ijf^ 

of the structure. In the direction of the trusses each \^ °J 

tower is further secured by four lattice-braces which 

run between the chords and arches. The stability of the towers in this direction is also increased 
by the stays, and in a lateral direction two powerful wire-rope guys add to their security. These 
guys serve as anchors, and being hinged at the lower ends, will not interfere with the free con- 
traction and expansion of the structure. To guard against lateral vibration of the lattice-braces, 
their outer chords are strengthened bv plates 12 in. wide and \ in. thick, riveted to a heavy 
T-bar which connects with the lattice- oars. Figs. 1560 to 1563. 

It will be noticed that the towers, forming one connected whole with the trusses and arche^ 
will move freely on the roUer-plates along with the rest when affected by contraction and expaor 
sion on that pier which is provided with rollers. On the other piers the towers are stationary. 

The greatest vertical pressure upon one tower (two shafts) is equal to 950 tons. Allowing 4 tons 

950 
maximum compression for 1 sq. in. section of iron, we should require -j- = 237} sq. in., or 

118} sq. in. in each shaft. In place of this, we have allowed a section of 150 sq. in., which 
reduces the pressure upon each superficial inch to 3' 16 tons at the top of the tower. As we 
descend, the strength increases considerably by aid of the lattice, and when the upper choids are 
reached the strength is nearly doubled. We are therefore sure that ample allowance i0 made for 
the supporting power of the towers. 

Saddles, — The saddles on top of the towers are of cast iron, 8 ft. long by 3 ft. 6 in. wide at the 
bottom plate. The construction is given in Figs. 1436, 1437. The lower face is planed o% so 
that when the top of the columns is brought to a level, the two surfaces will have a fair and equal 
bearing. In order now to secure the saddle horizontally, six small segmental plates are fitted 
around each column, and secured to the bottom of the saddle by set screws. To do this, an exact 
template should be formed of the top of the shaft, before the saddle is hoisted ; then the holes may 
be marked off for the set screws, and sunk into the saddle : the small plates can then be screwed 
on to its lower side before the saddle is finally put in place. 

The inside section of the saddle is so shaped that the wire-ropes for supporting the cables and 
stnys will occupy their relative positions. Four ropes are placed in the bottom row ; they, together 
with the two outside ropes of the next tier, compose the six stays. The next three middle ropes, 
the second tiers, form the lowest layer of the cable. 

Two forged pieces of wrought iron 4" x 6", with triangular pieces underneath, are let into the 
four notches of the sides of the sdddle and screwed down for the purpose of securing the cables and 
to prevent sliding. This being done, the cables and tower now form one. When there is a greater 
strain on one side than on the other, the elasticity of the tower will admit of sufficient yield to 
e<iualize the difference. 

Anchm-plaUs. — The end of each cable is secured to a cast-iron plate, which at the same time 
serves for the arch to butt against, and thus the two are made to balance each other. Figs. 1439 
to 1441 exhibit views of both faces of the plate, and also a section in which the fastening of 
the ends of the wire-ropes is made clear. The dimensions of the plates are 4' 2" x 3' 8", with 
a thickness of metal of 8" in the centre and 3" around the sides, strengthened by ribs. A cable 
being composed of nineteen ropes or smaller cables (twisted or not), there are nineteen correspond- 
ing holes for their reception. These holes are conically shaped, tne larger opening having twice 
the diameter of the smaller one. 8ome of the large openings are elliptically shaped, in order to 
gain room. That face which serves as an abutment for the channel-bars, composing the arch, is 
to be planed off to admit of a fair bearing. The weight of the plate is supported by its upper 
flange, which rests upon the ends of the upper channel-bars. A further support is provided by 
two cast-iron posts which fit against the face of the end truss-posts and are bolted to it. It 
remains now to convey a clear idea of the manner of securing the ends of the small cables within 
the plate. This is done by spreading apart the different wire-strands and wires which compose a 
rope, and inserting a number of iron points between them in such a manner that the whole span 
inside of the conical hole is filled out solid, Fig. 1440. By these means the end of the rope is 
swelled out into a conical lump 8 in. long, which cannot slip out of the plate without bursting it. 

It is important that these plates should be cast of the strongest metal — good, strong, cold-blast 
charcoal metal — such as is used for the manufacture of good car-wheels. The points driven 
in between the wires may vary in length as well as in thickness. First drive in a niunber of long 
ones, 6 to 8 in. in length, about ^ in. in diameter at the thick end and gradually reduced to a 
point, filed off round and dii^)ed in linseed oil before driving, to make them go easy. Also pour 



■me lioteed oil between the vitm, to make them smooth. Tbe oil will proTent the sttving np of 
the wireB and facUitate the prooesB. After filling np the remaining ipaoeD with shorter and thin- 
ner points, then cut off • — 
the endi of the wires 
pTojectina; over the plate 
even with it, one after 
another, and bend their 



Id aronnd the whole, 
■o as to fbrai a raised 
rim, and pour in molted 
lead, which will fill ell 
the remaining interstices 
Bnd make the whole one 
compact mass. After re- 
moval of the monld apply 
the hammer to make the 
lead solid^ file it smooth, 
and ronnd it off a little 
to g^ve it a finish. To 
insert the ende of the 
ropes withont trouble, it 
u necessarj to wrap tbem 
well with annctkled wire : 
and as the end is forced 
in, the wrappings will be 
pushed Inck. 

Stayi. — Bimilar to the 
l^an just deeoribed is 
the nethod of fastening 
the ends of the slajs : 
with this diflerence — 
that each stay-rope has 
a cast-iroQ socket for 
itself. This socket, to- 
gether with the wrought- 
uon Btirmp which holds 
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it, ia represented by Figs. 

1**2 to 1445. The stirrup is made of round iron 
Ij" diameter, and varies in length to suit the 
inclination of the stay. Where the stirrup passes 
around the floor-beam, a small segmental nutting, 
(orminK a seat for the atirrup, is fltleil a^n ' ' 
the beam, for the purpuw of giving the sti 
a tab bearing. The tcrews must be long enough 
to tighten the slays. To preserve their straight 
linee, they are connected with the suspenders ' 
wire wrappings. 

It will be noticed that the stays 
■nspenders, together with the cables, i 
pended in one vertical plane which passes through 
the centre of the 8-ft. xpftce left open between 
the two rows of truss-posts. The croes-bara 
oonnecting each pair of poets are not to be put 
up until the stays, cables, and suspenders have 
been placed and fixed in their position. 

At the eods of the trusses four small stays 
may be noticed, which are provided f< " ~ 
pose of guarding against vibrationi 
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dependent of support; their strength is thereby 
brought into play. Accordingly as much tension 
ia thrown upon the stay-ropes eis the reeistanco 
of the chords will permit. The ropes are double, 
aod their diameter varies from 1 to 2 in, 

QiMm. — There are two wire-cahles, one on each 
ride, suspended in vertical planes between the 
double rows of truss-posts. Each cable is com- 
posed of 19 wire-ropes of 2} in. disimcter. The 
maxiuom tension of the two cAbles at the tower is T&l tons, aud at the centre of the main span 
686 VxM, Dividing 764 by 36, we have the tension of each rope equal to 20^ tons ; and, allowing 
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six times tlie rtrength, ^a liave for the ultimate strength of each rope 120'6 tona. Although the 

tension of the cables is less in the ceiitio, the same sectioD Bud strength are observed tbroqgbont. 
A chain may be tapcreil, hut it would be falso economj to attempt it in a cable. Fi^. 1446 sbowa 
a BectioD of one cable on a larger scale. The ninctoen ropes are auspended in Sto lajen, and 
care muitt he had to preserve the relative position or each layer, as well at a! each indiridoal rme, 
throughout Lt» lengtb, so that the union of the whole nineteen will in Bection form a hoiagmi. The 
suspenders heing attached every 10 ft,, a strap is laid around the cable, and screwed np ti^ht, to 
preserve itH form. These straps Khould be made by about three different pattenis, to suit the 
inclination of the differenl parts of the cables. When patting them on, thev are heated ii 
■ ■ ■ ■ ' "P of she ■ ■ 



hand-forgo, and a strip 

doetng, they are cooled by pouring on water. 

To keep snow and wet out of the cables, they 
should be protected by ahalf-circular cover made 
of tin, secured to the straps by small nire wrap- 
pings. This ia indicated in Ftgs. 1446 to 144^. 

A uniform tension of the ropes is easily ob- 
tusponding them parallel to each other 



r the cable to prevent beating the 



iaiued by Bi 
in level lay 



e end in the anclior-plate : then adjust the 
rope in the nuldles with a proper deflection at 
the lowest point of each span. Then pass the 
other end through the other plate, open the 
seven stninils, and pass the centre one through 
a conical tube T in. long, wide enough at the 
small end to admit the strand, and at the other 
end enlarged to double the diameter. The whole 
rope being a little longer than necessary, eay 
1 to 2 ft., the centre may be fastened tempo- 
nirilj or anchored back, preserving at the same 
time its central positiun in (he hole. By slack- 
ening or tightening this centre now, the position 
of the rope in the cable may be adjusted. When 
right, drive the hollow tube into the anchor- 
plate some distance, and at the same lime insert a 
number of large points, and drive them all in uni- 
formly. When aU the large pins are in, the centre 
may be released, and the untwisted wires may 
bocutotrtherightlengtb. Then insert thinner 
points in the centre tube, and fill it, und com- 
plete the whole. To give a support to the anchor- 
plate, it ia of course necessary to put up the 
truBB-pcsts as far as they rest on the abubnent, 
and to secure them temporarily by limhcr- 
braclng. And it will also oo necessary to pro- 
vide for a temporary anchorage of the auchor- 
plale itself before the arches are put up. This i 
may be done by extending a few wire-ropes from ! 
the anchor-plate and posts to the next pier or 
abutment, and secure them ; and if Ibismasonry i 
is not strong enough, a temporary anchorage of 
timber and stone must be put on shore, of sufG- 
cient strength to resist the pull of the cables. 

The same wire-ropes which are to he used for ,41^^ 144^, 

the abatment-staya and for the storm-cables, 

and which are to be delivered in long coils, may be advantageously used for this temporary anchor- 
age with very little loea or waste. 

The tension of each full cable, resulting from their weight when freely suspended, will be 
63 tons ; and this has to be fully met and supported. By the use of a few railroad bars laid aeroai 
the posts above and below the anchor-|)lates, and by passing stirrups or chains around theni, the 
anchoi-ropes may be altachcd. On the shore they may be fastened to similar bars, placed in an 
eicBvatioD, the bars to be secured to a rough framework of timber and plank, and this may be kept 
in its place by earth, gravel, stone, and other heavy material ; it may also be assisted by braoee. 
Piles may also be driven to increase the resistance of this temporary anchorage. 

In order to put up the arches and other parts of the superstructure, a temporary platform and 
footway will have to be EUswnded. As to the cables, a tight foot-bridge under each will be all- 
sufficient, and tlie same auchorage which answers for the maincables will answer for the foot-bridge 
cables. It should be observed hero, that the temporary anchorage should be made strong enough 
to resist a pressure of about 100 tons, because this much tension may be produced by the cablea 
while procting the superstructure. 

While putting the repea in the cables, they should receive another coal of durable paint 
Allowance must be made for the stretch of the cables, AU wire will stretch, whether made iJ 
steel or iron. A No, 8 steel wire of good quality, capable of supporting a weight of 3000 to 3400 lbs, 
and 5 ft, lung, will stretch 1 in. before breaking. After being taxed with a full load for some time, 
the stretch of the cables will cmso. l>ecau»e the material will have assumed a permanent set After 
this, DO more elongation will take place. The deflection of the cables in the main span, after the 
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wire has attained a permanent set, is to be 60 ft. An allowance of 1 to 2 ft. shonld be made for 
settlement. If the cables are well made, 1 ft. will be enough ; but if poorly made, 3 ft. may not be 
sufficient. To be more explicit, the cables should be suspended with a deflection of, say 58 ft., if 
well made, and if not, 56 to 57 ft. will be safer. 

In order to make the cables bear their allotted portion, the suspenders have to be screwed up 
rexieatedly after full trains have passed over the work. The permanent set of the cables will make 
itself felt distinctly if attention be paid to it. On the other hand, it would be wrong to tax tbem 
too much, and thereby relieve the arches to an undue degree. A proper adjustment may at first 
sight appear to be impossible, or at any rate attended with great difficulty. But if the directions 
given here are strictly carried out, this adjustment may be readily accomplished. 

The weight of the superstructure which is to be borne by the cables of the main span is 290 tons. 

2£K) 
The number of suspenders is 96, and therefore the weight borne by each is -^^= 3*02 tons. 

96 

Each suspender being attached to a stirrup which has two screws, the weights to be borne by each 

single screw will be 1^ ton, or 3000 lbs. Now practise a few intelligent men in raising a weight of 

8000 lbs. by such a screw, using a screw-wrench of a certain length, say 18 in. The screws should 

be well cut, so as to run easy and smooth. No stirrup should go into tne work without having the 

screws well examined, well cleaned, run smooth, and oiled. 

The handles of the wrenches should be just long enough to require the average strength of a 
man's arm. To make this operation still more certain, the wrench may be tested by a suspended 
weight, so that the men can compare their strength with the actual weight. Much depends upon 
the cut of the screws ; with good uniform threads, every suspender must be brought to a fair and 
equal bearing. 

The length of the suspenders being calculated, they are manufactured accordingly, and put in 
place ; but the theoretical length will never exactly agree with the actual length, and the differ- 
ence is made up by screwing. The above remarks on suspenders will equally apply to the stays. 
The ultimate strength of each stay is 100 tons, and they are calculated to bear an ultimate tension 
of -1^, or 20 tons, caused by the superstructure aad a maximum load. Now, the proportion of weight 
of superstructure to that of maximum load which falls upon the stays is as 150 : 174, as will be 
seen in the Table of relative loads ; consequently they may be screwed up to a tension of about 
9 tons, and this is accomplished with a wrench of about 3^ to 4 ft. long. 

After the cables have obtained their permanent set, and the suspenders and stays have been 
adjusted, no more attention need be paid to this part of the structure. The relative supporting 
power of the cables, stays, and arches will remain unaltered, they will not undergo any further 
change. And as changes of temperature will influence the aches as well as the cables aUke, no 
strife between the different memoers can arise on that account. 

The curve formed by a cable when freely suspended and not loaded, will be that of a catenary, 
because the weight of a unit of cable is supposed to be the same throughout its lene^h. But with 
a weighty horizontal platform suspended to the cables their curve is changed, and will be found 
to correspond more to a parabola than to a catenary. The suspenders may accordingly be calcu- 
lated for a parabola, but it will be found in practice that they vary, and sometimes considerably, 
from both curves. The screws at the ends of the suspenders will be the means of adjustment. 
But another change in the curvature of the cables will take place when the stays are tightened 
and begin to relieve the cables at those points. They will then be lowered in the centre and 
raised near the towers. Allowance must be made for this in the length of the suspenders, so far 
as the stays extend. 

Suspewiers, — The maximum weight borne by the 96 suspenders of the middle span is 626 tons. 
Each suspender, therefore, has to support 6^&^ tons. Allowing seven times the strength, we want 
for the wirc-rope suspenders an ultimate strength of 45 tons, or If" diameter rope. 

Figs. 1444, 1445, show a wire-rope suspender, both ends fastened in wrought-iron sockets, and 
the lower socket attouihed to a stirrup which passes around the floor-beam. Figs. 1447 to 1449 
exhibit one of the short, solid suspenders hung to the cable-strap and to the stirrup below. The 
rods are l|" diameter, and the stirrups \\" diameter. These dimensions may appear extravagant, 
but when it is considered that under a heavy passing load, every single suspender is taxed more 
than its general proportion, this large allowance will be justified. 

Chords. — The arrangement of the upper and lower chords is plainly exhibited on the plans. 
Figs. 1436, 1437, show it more particularly. The 9-in. channel-bars composing them extend from 
end to end without interruption. The lower chords are not plated underneath at any point. 
This is not wanted on account of strength, and their lateral stiffness is amply ensured by the 
floor-beams, by the plates to which the tie-rods are secured, and by the stay-bolts. Nor are the 
upper chords plated on top, except in the side spans from the end of the truss to the point where 
the cable enters. These top plates are \ in. thick and 50 in. wide. The cross-beams are here 
placed on top of these plates and riveted to it. 

The splicing of the chords is done in the same manner as that of the arches. Whenever a 
stay-bolt is applied to the chords it is passed through a gas-tube, which is cut off on the lathe to 
the right length, and thus a firm and simple connection is made. In order to meet the thrust of 
the arches, in excess in the one span, while no load is on the other, a section of 60 sq. in. was 
found to be necessary for the lower chords. The horizontal action of the stays at the tower is 
compressional only, and does not add to the tensile strength of the arches. The horizontal action 
upon the chords, which results from the diagonal rods in the panels, is balanced in each panel, 
and requires therefore but little section. 

A section of 6 sq. in. for the channel-bars of the upper chords will be an ample allowance. 
The same section may be observed throughout the lengfth of chord. It is, however, necessary to 
make the splices of the lower chords as strong as the channel-bars themselves, so that they may 
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resifit a full tensile strain, which may be brought upon them by the arches when the spans are 
unequally loaded. 

Posts. — The posts are of the beam section, and 9 in. wide or deep ; Figs. 1450, 1451, exhibit 
sections on a larger scale : the weight is 25 lbs. a foot. All the posts are 22 fL long, except those 
in the centre span, which vary from 22 to 44 ft. 

Each truss consists of two rows of posts planted 24 in. apart, in which open spaces the cables, 
stays, and suspenders are freely suspended. They arc firmly connected by horizontal bars 1| in. 
square : the ends of these bars are spread out so that they will give room for 4 rivets of { in. 
diameter, to be fastened upon the nanges of the posts. Each cross-bar is therefore held by 
8 rivets. 

In order to increase the lateral stiffness and stability of the trusses, the intervening space 
between the posts may be enlarged to 30 or 36 in. ; and the connecting-bars should then be 2 in. 
in place of l| square. The vertical stiffness of the posts in the direction of the trusses is aided by 
horizontal connecting-bars at the centre. These bars are only 1 in. diameter, pass through the 
web of the posts, and are simply screwed up by a nut at the end, as is shown, Figs. 1450, 1451. 



1450. 



1451. 



1452. 






By tightening these bars uniformly, the lateral position of the posts is secured 
and vibration prevented. This provision is very necessary, on account of the 
great length of the posts. 

Arches. — The arches are formed of channel-bars. Fig. 1452. The posts 
being 20 ft. apart, the channel-bars are rolled of the same length so that the 
splices all come upon the posts. It will be noticed that the connections with the 
spl icing-plates are made with screw-bolts, and not with rivets. This will greatly 
facilitate the putting up and adjustment of the arehes. One of the practical 
difficulties in putting up such work is to make the ends meet, and to make a 
tight and workmanliKe fit, so important in arches and chords. This difficulty is much increased by 
great variations of temperature, and hence the importance of using screw-bolts in place of rivets. 
The bars may at first bo put together loosely and without any tight fit, by using small bolts tempo- 
rarily, which are to be removed after the joints are brought to a close. Each pair of splicing-plates, 
opposite each other, is connected by six bolts of } in. diameter, or three on each side of a post; on 
being drawn tight, they embrace them solid and firm. In order to screw these up tight, they must 
not 1^ enclosed in tubes. The remaining four bolts, on the other hand, are passed through gas-tubes 
9 in. long and 1 in. wide, which therefore preserve the distance between the channels and serve as 
stay-bolts. Two small plates 4 in. x 7 in. x ^ in. thick are riveted to the post and fitted between 
the channels. Two of the channels are therefore firmly enclosed between these plates and the 
brackets. To add still further to the stiffness of the splices, the cross-channels which connect the 
two lines of trusses are filled in between and firmly bolted to the posts, while at the same time 
their flanges are riveted to the flanges of the arches. When the latter cross the posts obliquely, 
the cross-channels have to be heated and swedged in a block by pressure, so as to fit the oblique 
section. By using wedges of different shapes to correspond to the inclination of the areh, one 
press or one pair of blocks or dies will do for the whole. If the cost of such a press is objected to, 
the flanges of the cross-channels may be cut out and the stem only bolted to the post. 

So far as the arehes rise above the upper chords in the central span, the upper channels are 
connected ty a top-plate of \ in. thick riveted to the upper flanges. Laterally, between the posts 
in each panel, the arches are again connected by four channels of 50 in. length each, and also by 
stay-bolts passing through gas-tubes. 

Where the arches rise above the upper chords, the channels forming the latter are cut out and 
planed off" to the proper level to make a good fit. Splicing-plates are then riveted over the joint, 
and the respective flanges are also connected by rivets. At the same time a plate of 4 ft. long by 
2 ft. wide and \ in. thick is riveted down on top, so as to cover all the joints. The depth of each 
areh is 41 in., and its width 4 ft. 

Considered as a straight girder freely spanning a distance of 60 ft., this combination would be 
stiff' enough for railroad traffic. But its inherent stifiTncss is not calculated to serve as a supporting 
power, but to resist lateral deflection like a column. A round column is, of course, the best geo- 
metrical section for gaining lateral strength. But a columnar section in wrought iron for the 
purposes of an arch, presents many difficulties and objections. What would be gained in section 
would be more than lost in reducea strength of framing. 

The great facilities of construction which the plan before us offers, must not be underrated. 
And when we consider the small section of wrought iron that is needed to make the ardies 
effective, this plan will compare favourably with other plans heretofore attempted. The arches 
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of the Coblenz Bridge over the Bhine are 308 ft. wide in the clear. Each rib is 10 ft. 6 in. deep, 
with upper and lower flanges. The flanges of the centre rib are 3 ft. 2 in., and those of the outer 
ribs 2 d. 2 in. wide. These arched ribs have been treated as flexible trusses, consequently the 
upper and lower flanges have been graduated like chords, with the greatest section in the centre. 
The upper and lower chords are connected by posts and diagonal braces. This work is considered 
a model work ; it is well proportioned and possesses ample strength. The stiffness is in the arches 
alone, and no attempt has been made to increase it by spandril-bracing. Its rigidity is owing, in 
a great measure, to the placing of the floor below the crown of the arch. 

The question arises, whether flanged arches with greater inherent stiffness would not be better 
adapted to the Parabolic Truss, than the arches here designed ? 8o far as simple supporting power 
is considered, under the action of uniformly-distributed loads there would be no difference between 
the two plans. As regards stiffness, under the action of variable loads, however, the plan here 
proposed, with its great depth of trussing, will produce more rigidity, with the same amount of 
material expended, than would result from flanged arches. This view will apply with still greater 
force, when the arch descends below the lower chords. The depth of ribs in the Coblenz Bridge 
is 10 ft. 6 in., and the clear span 308 ft. (Prussian measure), a proportion of about 1 in 30. This 
depth would evidently be entirely too small for a straight girder of 308 ft. span, but it would be 
enough for a span of 100 ft. 

In the Coblenz Bridge, the floor intersects the girders or ribs at the lower chord, and we may 
therefore consider the whole arch, so far as stiffness is concerned, as divided into three equal parts. 
The central part is stiffened by the floor, and the spandrils are stiffened by the posts which support 
the floor. But no further bracing has been attempted in the spandrils, on account of contraction 
and expansion ; but this appears to be a defect, because an expenditure of very little additional 
material would have greatly added to the rigidity and strength of the work without materially 
interfering with contraction and expansion. It must be remarked, however, that the leading idea 
in the design of this celebrated viaduct was to interfere with the arches as little as possible, and 
to depend upon their own inherent stiffness, so that the ribs should be at liberty to accommodate 
themselves freely to variations of temperature. This same view led to the planning of the pitxd skew- 
baeks ; but this defect has been corrected since by making the bearings of the skewbacks all solid. 

When we omit the arches in our plan, considering the structure as a pure suspension-bridge, 
and compare its stiffness with that of the Niagara Bridge, we discover that the truss here designeil 
poasesses ample stiffness for all railroad purposes. The Niagara trusses are only 18 ft. high; 
those before us are 22 ft., with a span of 500 ft. ; while the Niagara span is over 800. In the 
Niagara Bridge the truss-posts are 6 ft. apart : here they are 20 ft. The Parabolic Trusses being 
doable, there are four diagonal rods of 1^ in. diameter in a panel of 20 ft., while there are two rods 
oT 1^ in. in a panel of 5 ft. at Niagara. On the other hand again, the Parabolic Trusses are all of 
iron and have comparatively very strong chords, while the Niagara framing is of wood, with light 
chords, which, are, however, very materially assisted by the floors and the central girders, which 
latter distribute the weight of concentratea loads. 

Roebling concludes that the trusses before us (without including the feature of the arch), will 
be Quite as stiff as are the Niagara trusses. 

When compressive action takes place in chords and arches, experience has demonstrated that 
4 tons of 2000 lbs. each, or 8000 lbs. a sq. in. maximum pressure, is as much as soft, puddled iron 
should ever be taxed. But this resistance depends so much upon lateral conditions that the 
above allowance of 4 tons would scarcely be safe for single arches not assisted by cables. But the 
great feature of safety in the Parabolic Truss is the cable. The arch is only an auxiliary to the 
cable. With ordinary loads, the cables and stays will support the gp'eatest part of the strains ; 
and the more they are strained the g^reater their tendency to maintain their vertical positions, and 
to assist the arches in preserving their true alignment. Lateral flexure is the great danger to arches. 
The more jointed and articulated the system is, the greater this danger. Now, these considerations 
must be taken into view when deciding upon the choice of material for the arches. The question 
of steel or iron is of course a question of comparative estimate. But if, for instance, we allow 
8000 lbs. maximum compression for iron, and 12,000 lbs. for a mild steel, and the steel arch costs 
the same as the iron arch, both possessing the same supporting strength, then the iron arch should 
be preferred to the steel arch, for the following reasons : — 

1. The greater section of the iron arch will ensure greater lateral stiffness than can be obtained 
from the diminished section of soft steel. 

2. The greater weight of the iron structure adds to its stability under the action of variable 
loads in direct proportion to its superior weight when compared with steel. Vibrations caused by 
fiast-moving trains will be felt more by the lighter structure than by the heavier one. 

One of the best features of the Parabolic Truss, as here designed, is, that the principal 
members of this system are nearly uniform in their sections, and that they are not alternately 
exposed to such opposite strains as compression and tension in succession. 

The cables and stays experience tensile strains only, while the arches are exposed to compressive 
action alone. This feature will add much to the lifetime of the structure. 

An objection may be raised to the parabolic form of the arches, because of the variation of 
bevels at the joints. The difference, however, between the segment of a circle and the parabolic 
curve, with the proportions here observed, is so small, that the substitution of the one for the 
other will not have the slightest practical influence. It will therefore facilitate the work, to cut 
all the ioints to the same bevel for a circular arch. Respecting the cables, however, the suspenders 
ahould oe calculated for a parabolic curve. 

Floor-beams, — The beams supporting the railroad track are 5 ft. apart and 12 in. deep, and 
weigh 40 lbs. a lineal foot. If manufactured of good iron, a load of 23 tons, equally distributed, 
will not produce a sensible deflection, and a load of 15 tons on the two rails will be within its 
elastic limit. The lower flange of each beam is riveted to the upper flanges of the channel-bars com- 
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posing the cbnrda, Eiiteen meta of { in. diameter for each beam. Thiiforou a very stiff hnrianlt] 

oonaectioa of tho opposite chnrdt, and rendcn alt further diagonal bracing unueoessuy. Tbia stiff- 
aete ia further jDcresBed by the 9-io. girders, runniiig lengthways undemoath, riveted bi the bcanu, 
and connected with the timber strii^tB, the miU, and the brcachineB by atirmps 2 ft. 6 in. apart 
The upper jnints, connecting the arches and npper cbordu, are channele 7 in. depth, of a light 
nection. one on each side of a poet bolted to it and riveted to the flaQges of the arehea and ohnrdt. 
Fig. 1453, vhich is a section on the abutment, fully explains the details. Bo far as the upper 
chords in the aide apau are plated, tbo joints are of T-in. beam section in place of channels, tbejr 
lower flanges riveted to the plates, Figs H54, 1455. 




Piagonals in Panels. — The object ot the panel-rode is to imparl stiffness, and to spn»d any 
concentrated pressure over a large eitent of truss. In the centre of the main span, tbo pre«suie 
upon any point is spread by these rods over 4 panels, or 80 ft. of length of tmas. For every row 
of posts there is a plane of diagonals ; consequently there are 4 lines, each rod 1} in. diameter, with 
screw^enda proportionally enlarged. 

Fig, 1454 aiplaina bow two diagonols are joined in one, and how they are bolted to the stem 
of the post, between the npper chorda. 

It will be noticed that these rods all radiate toward central ecrew-rings, far the purpose of 
aeroniug them up to a proper tension, and thus to impart stiffness to the framing. 

Any load upon any one point will make an impression upon 2 to 3 floor-b<«mB, and 16 rods, ot 
1} in. diameter each, will bebroughtintoservice, and diatribnte the weight over a large eitentof truss. 

Slwm-cabUs.^The arrangement of the storm-caliles is fully explained by an inspection of Figs. 
1*28, 1429. Two wire-ropes of an ultimate strength of 100 tons each are suspended below tie 
floor in such a manner as to form parabolic curves. By this plan no longitudinal strains ace 
thrown upon the superstructure. All the stntins are directed upon the floor-beams, ajid are 
regulated by screw-bolts to give the Mbtea a proper tension. The horizontal deflection of these 
eablcs in the centre span is 41 rt., nr about -^ of tlie span, and therefore the coefficient of tension 
is 1 -70. If we assume now tbet the force of a bigb wind should be bo great as to produce a 
uniform horizontal pressure against the structure equal to 20 tons, then the strain on the cable 
would b« 1-70 X 20= 31 tona, or about i of its bieakms strength. Thie tension might bo 
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increased even to 50 tons without at all endangering the safety of the cables. But little surface 
is exposed to the wind vortically as well as horizontally. 

It is well known that on a structure suspended at a high elevation, the wind exerts more of an 
uplifting power than of a horizontal action. The uplifting force is amply met by the weight of 
the structure itself. Estimating the vertical area exposed to horizontal action at 3000 sq. ft. and 
a pressure of 30 lbs. a sq. ft. applied all over, the aggregate pressure would be 90,000 lbs., and 
would be met by the strengh of the cables. In this calculation no allowance is made for the 
inherent stiffness of the horizontal framing at the upper and lower chords and the top of the arches. 

As has been remarked before, an objectionable feature in the plan before us is the great 
height of the arches in the centre of the main span, and its tendency to lateral oscillations under 
the action of fast-moving trains or from the effects of heavy gusts of wind. Where, therefore, a 
necessity exists to preserve the whole space below the lower chords clear of all obstruction, either 
a double bridge must be erected at once, the two connected together, or a more effective horizontal 
bracing must oe put up in localities which are exposed to very high winds or hurricanes. This 
horizontal security can be increased by heavier diagonal ties between the upper chords and arches, 
by doublii^ the storm-cables and by adding diagonal bracing. Any amount of security may thus 
be obtained. It will be noticed that the contractions and expansions of the storm-cables from 
changes of temperature are not at variance with those of the trusses, because they form one con- 
nected whole, and will always move together. 

Method of Haising the Superstructure.— A most important question is the practicability, safety, 
and cost of erecting the superstructure of such large spans as here proposed. Short spans may be 
raised on temporary scaffolding, one span at a time, with facility and little risk. But the task of 
putting in place spans of great dimensions in a river which is subject to sudden rises, full of float- 
ing debris, and with an unstable bed, is formidable, and may in certain stages and at certain 
seasons become impracticable. ^ 

The history of the erection of the 500 ft. span of the Euilenburg Bridge in Holland has fur- 
nished a practical demonstration of the difficulties involved in such an enterprise. Before the 
entire completion of the large span of that work, a heavy gale sprung up and demolished all the 
scaffolding, but left the trusses unaffected, their bearing parts having been previously all safely 
connected. Had this high wind occurred a few days sooner, the whole superstructure would have 
been thrown down a total wreck. 

It may be of interest to notice here the method pursued by the contractor of the Coblenz Bridge 
(the same who put up the Kuilenburg Bridge) in raising the three arches of that work. The two 
halves of the archea ribs were completed on shore, then launched and floated on boats to their 
destination, whence they were raised to their permanent position and connected. The raising 
was done by a hydraulic press supported on a temporary scaffolding put up in the centre of the 
span. Arches of a little over 300 ft. may be managed in that way quite successfully and econo- 
mically. But when the span is doubled, the drawbacks attending tnis process are also doubled, 
and it will be wise to consider other methods. 

In comparing different plans of raising, the questions of relative economy and of speed of 
execution are of much less importance tluin is the question of safety. That method should be 
adopted which ensures absolute safety under all circumstances. Fortunately, the plans of super- 
structure here proposed, while exhibiting economy and strength, also admit of the safest mode of 
erection. The Parabolic Truss, as here devised and modifled, is a combination of the suspension- 
cable and of the arch. If, therefore, we suspend the cable flrst, we may afterward suspend the 
arch to it, independent of scaffolding, flood, or ice. The whole work may be put up in this -man- 
ner, without the use of any scaffolding whatever. Should the season and stage of water, however, 
be favourable to scaffolding, then a few light bends should be used, supported on piles and 
connected with the suspended platform by hemp-rope lashings, in such a manner that in the 
emergency of a sudden rise, the lashings may be cut in a few minutes, and the bends allowed to 
float off without doing any further harm. A few such light scaffold-frames put up, say every 50 
or 100 ft., will much assist in preserving the proper level of the suspended platform, and therefore 
fiscilitate the joining of the various members of the structure. Those, particularly, who are with- 
out experience in suspended structures will find the assistance of bends very useful. But they 
are not a necessity, only a convenient auxiliary. 

After the masonry of the first central pier has been completed, the erection of the wrought- 
iron shafts composing the tower will be commenced, and the saddles placed on top and secured. 
On the second centre pier where the superstructure is not to be fixed permanently, but allowed to 
contract and expand freely, the roller-plates and rollers have to be laid down first, before the 
erection of the towers can be proceeded with. The same must be done on the abutments. First 
lay down the roller-plates, then put up the posts, chords, and transverse beams, so far as the 
masonry furnishes support. Also put up the anchor-plates, and secure these to the posts. It is 
also necessary to secure the stability of the ends of the' trusses on the abutment still further by 
temporary wooden and iron braces. Great security will be obtained from the lateral wire-rope 
braces, when put up and screwed tight. 

A temporary anchorage will now have to be prepared for the purpose of meeting the strains 
caused by the cables. The wire-ropes provided for the storm-cables may be used for this purpose. 

By making an excavation about 10 ft. deep and 25 ft. long by 25 ft. wide, and driving a few 
piles in front, using some of the 12-in. iron beams, railroad bars, timber, and stone, a temporary 
anchorage may be made, which will safely resist a strain of 500 tons. 

In order to have the means of regulating the tension of the temporary anchor-cables, and to 
provide, to a certain extent, for contraction and expansion while engaged in raising, it will be 
advisable to deflect the anchor-cables a few feet, and anchor them in the centre between the 
anchorage and abutment to another temporary anchorage, by means of long screw-bolts and 
stirrups, or by block and tackle. This will afford the means of allowing the anchor-plates, to 
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move forward towards the river jtuf enough to close tlio archss and chordi. Allowanw mut 
(tlaa be made for afretcliing the cableB. 

We have now proceed^ far enouj-h to take across the river two of the Bmaller cables or ropn 
which are to form parts of the largo cabtes. An eas; mode of accompliebing this will be to renkov* 
the reel which contains one coil of wire-rope upon the deck of a Bat beat or barge, and to mooDt it 
upon a strong. wcU-seonrcd frame, on a spindle which rests on bearings, and ia aUovrod to revoln. 
Now provide one or two brakes to check and regulate the speed of (he revolving reel, aod emplojr 
a tas to tow tlio batge across the river, either above or below the line of piers. 

The end of the rope should of course be fliat secured to one of the anchor-plates before rtartinK. 
On crosaiog the river, the rope is simply dropped upon its bed. Tbe other end being landed, is 
now temporarUy secured to its anchor-plate, and preparations are made to hook up the rope at the 
centre piers, and to raise it to the top of the towers. Here it is rested on temporary timber-blocks, 
irbiob serve as saddles, aod are secured alongside of the cast-iron saddles. 

After two wire-ropes have been taken across and suspended, their deflection most be adjosted, 
and they are then furtlier sorured to the middle towers by scrcw-clamps and bolts, to prevent their 
slippinp;. Tlie object of llicso temporary auspenaion-cablGS being to facilitate the oonstmction of 
the main cables, it ia advisable to defect them about 2 to 3 ft. bthm the main cable^ bo that they 
will run nearly parallel to them. This being done, light timber-beams or aoantling, say SI ft. 
long, may be thrown across the two opposite ropes, and lashed to them from beloir by hemp linsi 
at diataDces of about 4 to 5 ft. apart. This process should commence at the two middle towen; 
and should be carried on both ways, so that the spans will be equally weighted, and their equili- 
brium maintained. Planks are pushed forward over the beams and secured hj lashinga, so tint 
two foot-walks are formed, each about 4 ft. wide, in line of the main cables and nndemeath. 
Where these walks are very steep, the planks may be cleated, to secure a better foothold. 

Two footways hnve now been put np, exteuiling across the river from one abutment to the 
other. To facilitate the crossing of men not useil to high elevations, two small wire-ropea j to { in. 
diameter may be sospended just above the position of the main cables, and connected tatenlly 
every 50 ft. by smaller chords. The men will take hold of these ropes while otoesiiig, and use 
them as hand-rails. 

This being accomplished, we are now enabled to go from pier to pier and to perform woA 
Independent of the river. As the stays are placed in the bottom of the stiddle, they must be raised 
Sist and put in place, allowing their ends to hang down the piers. This being done, the first 
permanent cable-rope may now be fastened to its anchor-plate at one end, then taken araoas the 
river and mn off tlie reel ia the same mnuner as before. These ropes are to be dropped upon the 
bed of the river, either above or below the piers, always on the aide of their respective towen. 
Whenever a rope has thus been run off, it must be raised and phi«ed upon the saddles U^an 
another one is launched on the bed of the river. It is also necessary that each rope should be 
properly placed and its deflection adjusted correctly before the next one is taken up. 

The section of a saddle an Fig. 1437 exhibits plainly the different layers of rope. First, there 
are four laid down in the bottom, forming the Sist row ; tlien one is added at each end in the 
second row. These six ropes are the stays. Next come the three ropes which compose the flnl 
or lowest layer in the cable ; this is followed by a second row of four ropea ; next comes the centre 
layer of five ropea ; next, a layer ot four ropes, and then the top layer of three ropes ; the wbola 
number of 19, which are in a cable, forming the section of a regular hexngon. 

It is all-important that the five different layers should preserve their stratiScatlon and their 
proper level throughout the whole length of cable. To facilitate this operation, strips of canns 
or strong cotton siieeting. saj 3 in. wide, may be wrapped around each layer, 
and afterward again removed. Whenever a rope ia addtid, it should be secared 
et various poiuta by ties of flne annealed wire. The best plan, however, is to 
Introduce short strips of tin, Fig. H.'il!, which cross each other diagonally, the 
whole being kept together by temporary wire or hemp strings. After nil the 19 
ropes have thus been suspended, adjusted, and collected into one cable, strong 
temporary wire-bands, made of No. 10 annealed wire, must be put around every 
10 or 15 ft. ; nbich operation will be greatly facilitated by using iron screw- 
clamps made in two halves, and fltting the section of the cable. 

Beferring to Figs. 1436, 1437, we notice that the lattice-beams which connect 
the opposite saddles of each tower may be omitted for the present, and that the 
two ropes for the footwalks may be supported on the cross-beams next below the 
lattice, which will be about the right elevation for cable-making. 

It was remarked that the two ropes suspended temporarily for footwalks are to 
be laid into the main cables emfibi%. This method is recommended for the sake of economy. Bat 
if some more wire-rope is on hand, strong enough for that purpose, then it will be better not to make 
temporary use of tlie permanent cahle-ropes. It is supposed, however, that there is no Bf»ie lope 
on hand, and in that case two of the cable-ropes are to be suspended for footwalks. one on each 
side. Now, after the other 18 ropes have been raised and adjusted in each main cable, the eK»- 
beams which support the foot-plank may be suspended to the main cables by simply throwing 
small mnnilla ropes over in such a manner that they con be easily removed. This being dons 
with all the beams, the two wire-ropes which supported the foot-planks ore now free and may b« 
raised into the saddlea. adjusted to their proper levels in the various spans, and both ends secured. 
After this is done, the msnilla suspenders over the main cables are now lifted, one after another, 
and thrown over the last wire-rope, and again fastened to their respective beams. The cables ais 
now ready for the pemianenl suspenders and straps. The latter are heated at one oomer, so that 
they may be readily closed and screwed up tight. To prevent injuir to the cable, a pieoe of sheet- 
iron is laid around it : the strap ia tlien closed and cooled off with watt 
may be moved along on the suspended scaffiilding for that purpose. 
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It will be a somewhat difficult task for those not experienced in the construction of wire-cable 
bridges, to get the cable straps and suspenders properly spaced. 

measurements from the towers bein^ uncertain and the cables movable, no satisfactory adjust- 
ment can be effected in this way. But, either by calculation or actual suspension, or both, 
measure off the actual distances upon a small wire-cord, or upon a single wire. Those distances 
in the suspended cable form the hypothenuses of right-angled triangles, the horizontal base of 
which is a constant, equal to the horizontal distance of the suspenders. The vertical is variable, and 
is equal to the difference of the lengths of the two adjoining suspenders. These triangles may 
all be laid off on one board, and the length of the hypothenuses transferred upon the wire-cord and 
marked by small wrappings made of fine wire, so that they cannot be shifted. This wire line is 
then suspended alongside of the centre of the cable, and whitelead marks are put upon the latter, 
which will correspond to the centre of the suspended ropes. 

These measurements and marks being correctly made, there will be no further difficulty in 
spacing the suspenders correctly ; their length will come out nearly correct, and the beams sus- 
pended to them will be found equally spaced. 

The main cables being completed, they should be further secured in their saddles by bolting 
down those cushions which are to prevent their slipping. A temporary platform must next be 
suspended below the level of the lower chords, strong enough to support 1 ton a foot lineal. The 
suspenders being 10 ft. apart, timber-beams 24 ft. long, about 8 x 14, may be suspended to them 
by means of temporary stirrups, so made that the level may be adjusted. A plank-walk about 
5 ft. wide should then be laid down imder each cable. The next step is to lay down upon these 
plank-walks the channel-bars which are to form the lower chords. Care must be had to distribute 
those bars evenly and uniformly on each side of a pier, and in all the spans at the same time, so 
that the equilibrium of the cables is not much disturbed. This distribution being properly made, 
the bars may be connected by bolts temporarily, and partly spliced, but so that the posts can 
afterward be set up between. 

In order to add to the weight of the platform, and increase its stability, the truss-posts should 
now be distributed uniformly, and laid down alongside of the chords, all over the work. It may 
also be the proper time to make use of the main-stays, and to attach their ends temporarily to the 
lower chords, and to the platform. When up, they will not only add to the supporting power, but 
also to the steadiness of the platform. The whole process of erection will be much facilitated by a 
narrow track, laid down in the centre of the platform between the two walks, for the support of 
a few small trucks, on which the bars may be transported from both abutments. With a favourable 
stage of water in the river, the delivery of materials may also be forwarded by boats moored at the 
piers and hoisting the bars up, then distributing on trucks. 

The work has now so far progressed that we may proceed to put up the posts. There are 
several methods by which this may be accomplished. One plan is to proceed from the centre 
piers each way toward the main span and the side spans uniformly at the same time. As soon as 
one or two sets of posts are up, connect them by the upper chords, and also secure the latter by 
transverse beams and temporary wooden braces. Next, put in place the panel-rods, which will 
increase the stiffness of the framing considerably. 

While this process of building out from the piers is going on, the level of the platform must be 
maintained at the same time, by distributing the bars for the posts and chords all along. The 
weights being uniformly distributed, the level will be preserved, and the steadiness of the platform 
will also be increased. A few small wire-ropes may likewise be applied below the platform, 
fastened to the masonry of the piers, to serve as storm-cables, in case of a heavy blow. Before 
commencing with the arches, the posts and upper chords may be put up through the balance of 
the spans, the panel-rods put in, the cross-connections made, and the trusses nearly completed. 

Changes of temperature, causing expansion and contraction, may be accommodated oy placing 
the lower chords on wooden rollers about 6 in. diameter. 

Slight changes will not be noticed ; but should great changes take place, and nroduce con- 
siderable contractions and expansions, it will be good policy to provide slip-joints in the chords as 
well as the arches at various points, and use a few temporary splicing-plates to that effect, or 
timbers bolted on sideways. No rigid connection should be made at any place : no riveting 
before the whole structure is up. 

It was remarked that the whole superstructure may be put up and completed without the 
assistance of scaffolding. This can be done, if absolutely necessary. We therefore propose to 
scaffold one of the side spans, or both, leaving the central span open for navigation. This being 
done, we may put up the arches in the two side spans, and also put up one transverse iron beam every 
20 ft., to give a go(xi, permanent lateral connection to the lower floor. By the completion of the 
arches of the side spans, the resistance of the anchor-plates will have been much increased. 

One half of the bents under the side spans may now be removed with safety, and put under 
the spring of the arches in the central opening ; and as much material may also be distributed 
over the platform of the central span as will be necessary to balance the side spans. By this 
distribution we shall maintain the equilibrium of the cables. The thrust of the arches in the side 
spans will be fully met by the lower chords, which should be completed : so that it may be safe 
to remove all the bents from under the side spans and put them up in the centre opening. This 
being done, the closing of the arches in the centre is now to be accomplished, and the trusses may 
be sufficiently completed to render a further support by scaffolding unnecessary. 

If, during the process of erection, a sudden flood should occur, or floating masses of ice 
endanger the safety of the scaffoldings, the latter should be watehed day and night, and cut loose 
if necessary. This may cause some delay, but no further damage. 

If the spring of the arches descends below the lower chords, the raising of the superstructure 
will be easier ; and this plan should always be adopted if possible. 

Statement of the Strains in the different members of a Trussed Girder Bridge of 300 ft, span in the 
cfoor.— This iron truss alone weighs 0-85 ton a ft., and is proportioned to sustain its own weight 
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Md a moving load of 1100 lbs. The wire cables support a moving load of only 1900 lbs. a ft.. 
Fig. 1457. Tension allowed in iron is 5 tons the sq. in. The compression allowed is 4 tons the 
sq. in. Panel = 18^ 

1457. 

306 ft. spaD. 
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In the foregoing estimate, we have taken the weight on the bridge at 1*4 ton a ft. mn. The 

260*1 
weight of the structnre itself is = 0*85 ton a ft. run. The bridge will therefore support, in 

addition, a moving load of 1*4 — 0*85 = 0*55 ton, or 1100 lbs. a ft. run. 

1458. 
IlM. a a Steel Cables. 

Moving load 1900 

Top plate 490 

Cable 123 

Suspender 28 

Total weight supported by cables .. 2541 

Tons. 

Total weight for whole bridge = 2541 lbs. x 306' = 777,546 lbs. = 388 * 77 

Tension in cable, 1*58 X 388*77 tons = 614*25 

Compression, Fig. 1458, in upper chord due to the cable = 1-5 x 388*77 tons = 583*16 

The cable being much smaller in this example than in the previous one, each will consist of 
only seven ropes : and taking the maximum tension allowed as before, at 5 tons a pound a ft.« we 

614 * 25 x- •» 

have the strength of one rope = — — — =43*88 tons; and the weight a ft of such a rope is 

43*88 

— - — = 8*78 lbs. The diameter of this rope is 2^ in., and the diameter of one cable 7 in. 

583*16 
Compression. — The section required in the top plate is — j — = 145*79 sq. in. Weight 

a fk. = 145*79 x 3*36 = 490 lbs. * 

Some of this weight will be thrown upon the channel-bars, as in the previous case. 

The heaviest section of channel-bar is 56 sq. in., equal to 142 lbs. a yard. 

145 * 79 
The section required for one top plate is — - — = 72*895. Hence we have left for the top 

plate 72*895 - 56 = 16*895 s^. in. ^ 

In order to keep the channel-bars of a uniform section throughout, we will add to this top 
plate the varying sections of upper chord, required by the structure alone, in the calculation 
above. The following Table shows how this is done ; the sixth line gives the number of sq. in. 
of section required in the top plate in each panel. 

Table of Sectional Area of Top Plate in each Panel. 



Nmnber of Fueto. 

Total section of one^ 

top plate 
Section required for 

upper chord of 

structure 
Aggregate section .. 
Deduct assumed sec-'^ 

tion of channels . . / 
Leaves for section of j 

top plate .. ../ 

Dimensions of top plate 



2 



72-895 

68*040 

140*935 
56*000 

84*935 

in. tn. 
42x2*02 



72*895 



68040 



140*935 139*045 



72*895 



66150 



56-000 

84*935 
in. in. 



56*000 

83-045 
in. in. 



42x2*02*42xl*98 



3 



6 



8 



72*895 



62*370 



72*895 



56*700 



72*895 



49*140 



135-265 129*595 122*035 



56-000 56-000 



79-265 
in. in. 



73-595 

in. in. 



56000 

66-035 
in. in. 



42x1*88.42x1*7542x1-57 



72-895 



72*895 



39-690 28*350 



112*585 
56-000 

56-585 
In. in. 



101-245 
56-000 

55-245 

in. in. 



42x1-3442x1*08 



3 A 2 



72*895 

15-120 

88*015 
56*000 

32 015 

in. in. 
42x0*76 
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ReeapitalatioH of uAob WetgU. 

Tie-roda, counter-rodB, posts, upper wid lower chorda on one iide , . . . 144,927 

Additional woight on ono aide 93,836 

Eilni items 21,337 

Wei^'ht of top plslo on one side, 72-895 sq. in. X 3-36 lbs. = 246 lbs.,! -. „„ 

and24S)(306= / ' 

Cftble = 8-781bs.x7 = 61'5x312ft.= 19.188 

Suspenders = H X 306 = 4,28* 

One-hBir weight of whole stnictiirfl 358.542 lbs. 

Total weight of the eotire structure 358542 tons. 

Weight • foot = 5^^ = 1171 ton. 

Statemml of the Slraiiu in the difermt members of a Tnuud Girdir Bridge of 300 /(. sp™ in He 
clear. — The iron truBs alone weiaihs D'G2 Ion a Toot, and is proportioned to sustain only its own 
weight, while the moving load of 3000 lbs. a foot is supported bj wire cable*, Fig. 1459. 

The tension allowed tc iron ii 5t«n8 to a sq.in. The oompression allowedtel tcsuto thesq.ln. 
Ixingtb of one panel = 18 in. 
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In the foregoing estimate wo took the weight of tho bridge at 0-G2 ton a foot run. Tbii 
•grecB with the result here obtaiued, since 0'li2 y 306 — 189'72 tons. 

Let nenowput in » pair of steel TObles to support, Ist.themoring load; 2Dd, the weight of the 
top plate required to resist the oompression due to the cable ; and, 3id, the weight of tiie c^le* 
and of the sospeuders. 

lloving load SOOO 

ToppUte 771 

Cable 193 

Suspenders 36 

Total weight on cables a toot run .. 4000 Ton. 

Total weight for whole bridge. 4000 x 306 = C12 

Tension in cable = 1-58 X 612 tons = 967 

Compression in npperehorddue toc*ble = l'5 X 612 tonB = 918 

The nltimato strength of good steel cables is 2S tons a lb. the foot, which is equivalent to 
176,000 lbs. a aq. in. solid wire-section ; the maiimum tension allowed is 5 tons ■ lb. to the (kmt. 
We have two cables, one on each side, each containing nineteen wire-ropes. Hence the strength 

967 25 '45 

of one rope is- - =25-45 tons; and the weight a foot of such a rope is — = — = 5'09 lbs. a toot. 

The diameter of this rope is 1 ■? in., and the diameter of one cable of nineteen ropes is 8^ in. 

Comprtuion. — The section required in the top ptato is -j- = 229-5. Weight a foot = 229 5 
x336 = 7710ibB. 

In place of putting kU this section into a plate, it is better to divide it bj increasing the secttco 
of the channel-bars in the npper chord somewbat; espedaUy since the sections of chaDnel-lMis 
obtained in the calculation above were so small that tbey coutd not be ezecnted in practice. Let 
US increase tbe sections of the four channels in one upper chord to 56 sq. in., which is equal to 
142 lbs. a yard for each channel-bar, tbe heaviest section rolled. The section requited for one top 

piste is —^= 114-75 sq. in. Hence we have left for the lop plate 114-75-56 = 58-75 aq. in. 

In order to hcpp the ciinnncl-bars of a unifonn sortion throughout, we will also add to this top 
plate tbe varyinj; seotions of upper chord, requiml by the stmctnre alone, in the CKlculatioa 
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aboTe. The following Table shows how this is done : the sixth line gives the number of so. in. of 
section required in the top plate in each panel. 

Table of Sectional Area of Top Plate in bach Panel. 



Number of PumL 





1 


2 


3 


4 


6 


6 


7 


8 


Cotal section of one\ 
top plate .. ../ 


114-75 


114-75 


114-75 


114-75 


114-75 


114-75 


114-75 


114-75 


114-75 


tection required for 




















upper chord of 


3015 


30-15 


29-31 


27-64 


25-12 


21-775 


17-59 


12-56 


6-7 


structure .. .. 




















Aggregate section .. 
Deduct assumed seo-| 
tion of channels ../ 


144-90 


144-90 


144-06 


142-39 


139-87 


136-525 


132-34 


127-31 


121-45 


56-00 


56-00 


56-00 


56-00 


5600 


56-00 


56-00 


56-00 


56-00 


-leayes for section of I 
top plate .. ../ 


88-90 


88-90 


88-06 


86-39 


83-87 


80-525 


76-34 


71-31 


65-45 




in. tn. 


in. in. 


in. in. 


in. in. 


in. in. 


in. in. in. in. 


in. in. in. in. 


)imen8ion8oftopplate42x2'1142x2'1142x2'09 42x2'0542xl'9942xl'9242xl*8142xl*7042xl'55 

i < 1 



BecapittUation of whole Weight, lbs. 

Tie-rods, counter-rods, posts, upper and lower chords on one side .. .. 78,741 -3 

Additional weight on one side 93,836-0 

Extra items 17,142-7 

Weight of top plate on one side, 11475 x 3-36 = 385-5 per foot,\ n^ n/jo n 

or385x 5 x3-06= / •• •• 117,9W-0 

Onecable, 312 ft. X 19 X 5-09 lbs 30,1730 

Suspenders, &c., 36 x 306, or, for one side, 18 x 306 5,508*0 

One-half weight of whole structure 343,364 lbs. 

Total weight of the entire structure 343*36 tons. 

343-36 
Weight per foot = --— - =1-122 ton. 

For further particulars respecting this system, the reader is referred to Boebling's large work, 
published hj D. Van Nostrand, N. x. 

Oblique Bridges are bridges in which the axis of the arch meets the supports in an oblique 
direction. Bail ways have much necessity for this kind of bridges, because the survey frequently 
makes it necessary to carry the track over a road or a canal, which it intersects at an angle more 
or leas acute. From obvious economical considerations, only the leading arches and courses of the 

Springers are constructed of hewn stone ; the body of the arch is formed of materials of a weaker 
escription, often of bricks. These considerations have led engineers to the conception of a plan 
appropriate to this kind of construction. Three principal systems are at present in use in the 
construction of oblique bridges : the heliooidal arrangement, which was originated in England ; the 
orthogonal arrangement, invented in France ; and that of upright arches en retraite, a very ancient 

2 stem lately brought into use. In each of the two first systems, the arch is semicircular, and it is 
e mode of its subdivision into voussoirs which distinguishes it from ordinary semicircular arches. 
The Helicoidal Arrangement, — This is so named from the fact that the edges of the inward arch 
are spirals, and the bed-joints, as well as the upright joints, are helicoidal surfaces of square- 
threaded screws. This arrangement is determined in the following manner : — Let E K and F J. 
Fig. 1464, be the spring lines of the intrados, D H and G L those of the extrados ; H L and D G 
the horizontal draughts of the principal planes : let £' V F' and K V J be the vertical projections 
of the intersections of these principal planes with the intrados ; let D' C B' G' be the projection of 
the intersection of the extrados on the plane D G ; finally, leXabcd and A B C D be the upright 
sections of the intrados and extrados, developed upon the plane of the spring, which is here the 
horizontal plane. We will suppose these upright sections to be circles, and commence by con- 
structing at afifi'a' the development of the intiados: we draw the chords a/3 and a'/3', dividing 
them into the same number of equal parts, at the points 1, 2, 3, and so on ,* 1', 2', 3', and so on. 
We join any one point of division of a'fi^ with a point of division of a/3, so chosen that the line of 




point 5' to the point 8, and so on with the rest. We shall thus obtain a series of parallel and equi- 
distant right lines. The niunber of the divisions of a /3 or a' /3' should be regulated in such a 
manner that the distance of two consecutive parallels should be equal to the thickness of the 
materials which are intended to be used for the body of the arch, or should only slightly exceed 
that thickness. If we imagine the figure a /3 /3' a' to be applied upon the cylinder of the intrados, 
the parallels in question wiU become spiral parallels. These are the spirals which are taken as a 
guide for the edges of the inwi^ arch. We obtain the projections of these spirals in the following 
manner : — If from the points of division of a /3 and a /3', which occupy the same level, we draw 
right lines, they will be parallel to the axis O (V of the arch, and will be nothing more or less 
than the generatrices of the intrados. To obtain the projections of these generating lines, we must 
divide the half -circumf erence a6c(;f into as many equal parts as a/3; and from the points of division 



9 Ibe horizontal projectiooa of ths ^enentinK linea. Fna 
e poinU where these projectiooa meet tlie riglit line E P, ire draw perpendicular* to the bue 
le X Y ; the point* where these perpendiculan) 



vertical projeclionB of the correnpnndiDg generati 



i-ellipsa E- V F' will belong to the 
id, b; drawing from theee laat points liDu 




p«ral1el to X T, we ehall baTe the vertical projeetioiia themselTeB. This being tmderetood, if we 
wish to obtain, for example, the horizontal pToJectJon of the generating line 4' 7, we mark the 
[mints (, 4, 8, C, where it meets succcaaiTely the leading cntvo aig, the generatrix B-ff, the gesent- 
trii 5'S', and the leading; curve c^C ff; from these points we draw lines perpendicular to 00', 
i-nding respectively on the right line £F. the horitontal projection of the geQerstrii G'6', on thai 
or the generatrix 5 '5', flnslly on the right line K J; we sLhU thus obtain fonr points, e,f, f,i,ot 
tlie required projection, and it will be easy to trace this projection. In the SBime maimer, the 
horizontal projection of the other epirals will be obtained : they are marked in dark lines ill ttaa 
quadrilateral £ F J K, To obtain the vertical projection of a spiral, it ia necessary to mark tba 
points where its horizontal projectinn meets the tiorizoatal projections of the different generatricaa 
of the cylinder, and from these points to draw linos per- 
pendicular to the base line, until they meet the vertical '***■ 
projections of the same generatrices; we thus obtain the 
ciirTeBc''t, i'/, and soon. 

Spiral tur/acet mth a f/vart-threodtd Uriit are taken 
for the bed-joints : that ia, each of these joints is governed 
W a right line subject to remain parallel to tho plane of 
the upright section of tho cylinder, and to rest ennstantly 
upon the axis O O of this cylinder, and upon tlie Bpiiul 
which forms the edge of the inner arch corresponding to 
the joint under oonsideration. Bsrore going further, it is 
necessary to determine the intersection of these spiral joints 
with the leading ]ilanes. The intersection of a spiral sur- 
face with a plane may be constructed by the ordinary 
methods of descriptive geometry. Let as suppose that the 
vertical lino 01, Fig. 1465, is Ihe axis of the surface; and 
that the directing spiral has for its horizontal projection 
the circumference O A, and for its vertical projection the I 

sinusoid ABA' ; and let PQ be the vertical "S" 

tracing of the intersecting plane, supposed to be perpen- 
dicular to the vertical plane of projection. Draw any 
auxiliary horizontal plane KH; this auxiliary plan - '" 



A 


N'/ 


a' 


/ 




s — if 



prmected vertically upon KH, and horizontally acoordin 
ed by the ooodition that the arc A D N ahall be to t 



a radiuaON, which will be 
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ntio of A H to the epece A A'. The a ... 

ing to a line perpendiculu to the verticaJ plnne, which U projectod Terticallj aoconline ti. 

point H', and horizontally, accordiag to a line m H, perpendicular to the base line. The point 
H,M', belong:inf; at the eamo time to the generatrix lU, ON,, and to the intereection of the ami- 
liary and the intersecting planes, is a point of the intemcction of the plane P Q with the belieoidal 
Euiface. We can obtain in the same manner oa manj pointa of this intersection aa may be desired. 
For facility of workin;;, it will be convenient to divide the circumference A B and the ipoce A A' 
into the same number of equal pckrta starting from the point A, the points of division of the same 
level will give the radius analogous to O N, and the horizontal plaue analogous to K H, which will 
determine one point of the desired line. Having the projections of the required intersection, we 
oan obtain it in ita true dimensions by describing the plane P Q aronnd its vertical tracing. 

To solve the aame problem, we can also employ calculation. If we take for the axis of t the 
ftxis 1 of the anrface, for axis of x the direction of the radius A, and for axis of y • per- 
pendicular radius, designating by h the space A A' of the directing spiral, we shall have for 
equation of the helicoidal surface, 



2w 



r, and b the distance o 



m 

re shall have fo 



Eliminating i from these two equations, we obtain the equation of the projection of the desired 
intersection U[Hin the piano of xy ; that is, ^ arc tan. - = x tan. a + b, whence 

S> 

t/ = x tan. ~ (i tan. a + b\ [3] 

which curve we can conatmct by points. The intersection of the dividing plane with the vertical 
cylinder, which has this ckirve for its base, will be the intersection of the same dividing plane with 
the belieoid surfsce. 

Whichever of the two methods we employ, we shall find that itm. 

the curve which has fnr its equation the relation [3], has a form 
analogous to that indicated in Fig. H66. It is composed of two 
braacuea which have a common asymptote a a, and two other 
asymptotes, belonging one to each, pp, yy, nil three parallel to 
the axis of y. Other branches and other asymptotes may be ob- 
tained by paying attention to the undefined part of the helicoidal 
surface, which is extended outside the cylioder, whose base is the 
circle A D B ; but this consideration is of no value in the question 
with which we are occupied. If we imagine a vertical cylinder, 
having for its base the two-branched curve of Fig, 14(i6, we have 
•een that its intersection by the cutting plane P Q, Fig, 1465, will 
be at the same time the intersection of this plane with the beli- 
eoidal surface. This intersection will evidently have a form _ 
aualr^!ona to the Curve in 1466. 

For each helicoidal joint it would be neceasary to construct an 
analogous curve, if it were desired to have exactly its intersection 
with the leading plane. But when the upright section of the arch 
has a great radius, as is often the case, the intersections of the 
joints with the leading plane have only a slight cnrvature, and 
may, without any appreciable error, be considered as right lines ; 
we can then, in the construction of these lines, profit by a remark- 
able property of these curves. If from points, such aa 6' and c', 
Fig. 14ei, where the intersections of the helicoidal joints with the 
leMing plane meet the curve of the intrados E', c', b', F', we 
draw tengents to these intersections, all these tangents will oome 
together at one point I', situated upon the vertical line of the 
centra O". Let us now consider the equation [3] ; taking the differentials of the two terms. 




we obtain y" = tan. - 



»■■¥<" 



Now the ordinate T of the point, where the tangent of this curve meets the t 
equivalent y ~y'x; substituting for y and y' their equivalents, and reducing, i 
_ 2xtan.B I* 



Bof V, haifotits 



But the equation of the ci 



■e gives tan. -r- {x tan. o -t- 6) = — , whence w 



Substituting for Y, it follows that T = - 



780 BRIDGE. 

If we consider in particnlar the point of the curve which is on the ciroumferenoe O A, Pig. 1400, 
the radius of which we represent by r, we may write 

2 IT tan. a . r . - 

Y = r", [4] 

which expression is independent of b ; that is to say, the distance T would remain the same if wa 

transposed the intersecting plane P Q in a direction pckrallel to itself, or, what amounts to the 

same, if we caused the helicoidal surface to revolve in a direction parallel to its axis.^ Let us 

observe now, that all the right lines, which on being described round the cylinder of the intrados, 

have become the edges of the inner arch, being parallel right lines ; these edges of the inner arch 

are equal spirals. The surfaces of the joints which have these spiials as directing lines are then 

equal themselves; and they can be made to coincide by causing them to revolve sufficiently in a 

direction parallel to the axis of the intrados. It follows from this that in place of cutting idl the 

surfaces of the joints by the leading plane, we should obtain the same intersections by catting 

only one of them by planes parallel to the leading plane situated at convenient distances from 

this leading plane. The projections of the curves of intersection upon the plane of the upright 

section will then also be the same, that is, that to obtain them it is sufficient properly to vary 6 in 

the equation [3]. But the distance Y is independent of 6 ; hence, if from tne points where the 

different curves which are projections of the intersections of the surfaces of the joints by the 

leading plane, meet the circumference abd., Fig. 1464, we draw tangents to those curves, they 

will come together at a point I, situated on the axis O O' at a distance from the centre indicated 

by the expression of Y. But we know that the projection of the tangent of a curve is itself a 

tangent of the projection of this curve. If then the lines B 6, C c, and so on, Fig. 1464, are the 

projections of the lines B' 6', C c\ and so on, upon the plane of the upright section, the tangents 

at 6, c, and so on, are the projections of the tangents at 6', c', and so on. Now the tangents at 6, c, 

and so on, come together at one point I, then the projecting planes of which these tangents are 

the tracings, and which are all parallel to the axis O O', intersect in the direction of a line parallel 

to this axis passing through the point I. This parallel line meets the leading plane at a point of 

the vertical of the point O, whicn is projected at I' to a distance from O" equal to 0| I; finally, 

then, the tangents of the points 6', c', and so on, all meet together at the point I'. 

The distance O" I', or, in absolute value, Y, is easily constructed. From the centre O of the 

upright section we draw a line parallel to the tracing £ F of the leading plane, imtil it meets at 

T with the prolongation a F of the line of the spring ; and from the point T we draw T Z parallel 

to the right lines 4'* 7, or 3'* 6, and so on, which are the development of the edges of the inner 

arch ; a Z will be the desired distance. We have already called a the angle G D A which the 

leading plane makes with the axis of the intrados ; let us now call • the angle a T Z, equal to the 

angle a a' 3 which the developed spiral makes with a line parallel to the axis ; there results from 

2Tr 
this, tan. t = — -— . Now the triangle O^Ta gives T a = O, a tan. a = r tan. a, and the triangle 
h 

2 ir r 
Taz gives a Z = T a tan. i = r tan. a tan. • = r tan. a — r — , a quantity which is equal to Y in 

absolute value. 

The application of this property to the purpose we are considering is easily made ; join the 
points 6,'c', and so on, to the point 1'; the prolongations B'6', C'c', and so on, of the lines of 
lunction will be the tangents at 6,' c', and so on, to the intersections of the surfaces of the joints 
by the leading planes, and may be taken for these intersections themselves under ordinary circum- 
stances where these curves have only an inappreciable curvature. 

To determine the upright joints^ draw right lines such as ^ y. Fig. 1464, perpendicular to the right 
lines p a', a- 7, and so on, which are the development of the edges of the inner arch. Only a few of 
these perpendiculars are marked on the sketch. When the figure a /3 /3' a' is applied to the 
cylinder of the intrados, the perpendicular in question become arcs of spirals, such as that which 
is projected at m n, normal to the edges of the inner arch. Helicoidal surifaces with a square 
threaded twist having these spirals for directrices are taken for the upright joints. The arch ii 
thus divided into voussoirs by surfaces normal to the inner arch and perpendicular to one another, 
which is the essential condition of the arrangement of an arch. To obtain an intermediate point 
of the spiral projected at m n, we take an intermediate point upon the right line ^ y, for example, 
that which is found upon the generatrix 3*3'; drawing from this point a line perpendicular to 0' 
until we meet with the horizontal projection of the generatrix corresponding to 3 "3, we shall have 
the horizontal projection of the desired point. To get the vertical projections corresponding to 
m and n, it will be sufficient to draw from these points, perpendiculars to the base line until we 
meet at m' and n' with the lines c' k and 6' /, vertical projections of the generatrices, of which r m 
and s n are the horizontal projections. As to the intermediate point between m and n, we shall 
draw from this point a line perpendicular to A D, and one perpendicular to X Y ; tiJdng that 
portion of the former which is comprised between A D and the circle a 6 c rf, we shall carry it on 
to the second starting from X Y ; we shall thus have an intermediate point upon the projection 
m' n'. We may proceed in the same manner for the other upright joints. We have at ^ y o* p the 
development of the panel of the inner arch corresponding to that portion of the intrados comprised 
between the joint m n and the leading plane. The surfaces of the joints cut the extrados in 
the direction of spirals having respectively the same space ; and this consideration affords the 
means of obtaining the development of the panel of the extrados which corresponds to the panel 
fAva-p of the intrados. In fact, the two bed-joints and the upright joint which form the limits of 
the voussoir corresponding to m n s r, are cut according to two right lines starting from the points 
m, m', and n, n', which, being the generatrices of the two bed-joints, are parallel to the upright 
section of the intrados and meet the axis O O'. These horizontal projections will then be directed 
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aoooiding to lines perpendicular to O O' drawn from the points m and n ; and if we develop the 
extrados, the points where the surface is met by the said generatrices will fall at M and N situated 
upon tl\e prolongation of the right lines m/i and ny. On the other hand, if A U is the develop- 
ment of the leading arc of the extrados, supposed to be obtained in the same manner as for the 
intrados, the point projected at C wUl fall at R, and the point projected at B' will fall at S. The 
spirals of the extrados which pass through these two points having the same space as those of 
the intrados which pass through the points p and v, wUl give, on development, right lines which 
will meet together at the same points of the line of a L, starting from which we effected the two 
developments ; that is to say, the spiral corresponding to the point B will give the right line B a', 
which converges with p a to the same point a ; and the spiral corresponding to the point S will 
give the right line S o*', which converges with tra' io the same point ff' of the line aL. These 
right lines B a' and S <r' will determine the points M and N ; and we shall have at M N S B the 
development of the panel of the extrados corresponding to the panel tiv9poi the intrados. 

Before proceeding to cut the voussoir, it is still necessary to effect its projection on the plane 
of the right section. For this, draw from the points m and n perpendiculars to A D until they 
meet the circumference ahcddX m^ and n^ ; then from the centre O, take the radii m^ Mj, ana 
n, Ni ; these will be the projections of the generatrices of joints which pass along the points 
r/«', m', and n, n'. We have already the right lines B h and G c which concur at the point I, the 
projection of the voussoir under consideration will be comprised between the right lines B 6 and 
M| nj. To apply the draught upon stone, prepare a prism having for its base the curvilinear 
quadrilatoral B6m, M, and for its height the distance of the points r and n computed parallel to 
O O'. After having marked upon the two bases the points 6, c, mj, iip B, C, M„ Nj, join the 
corresponding points by right line, which will be the generatrices of the cylinders of the intrados 
and the extrados. Upon the concave cylindrical surface apply the flexible panel ft y o- p in such a 
way that the point v falls at n„ upon one of the bases, the point p at c upon the other base, the 
point a upon the generatrix starting from 6, and the point ^ upon the generatrix starting from m^. 
Apply upon the convex cylindrical surface the flexible panel M N S B, in such a way that the 
point N falls at N, upon one of the bases, the point B at upon the other base, the point S upon 
the generatrix starting from 6, and the point M upon the generatrix starting from M,. By the 
help of these two panels trace spirals answering to the right lines ft p, y o-, ft y, M B, N S, M N, 
and the elliptical arcs corresponding to the curves p a and B S. These two laist arcs will deter- 
mine the plane of the heading face, and allow the face to be cut. As for the spiral joints, they 
will be cut by using a rule passing along points of reference marked out previously upon the right 
lines /A p and M B, upon the right lines n p and N S, and upon the right lines ft v and M X. These 
points of reference are obtained easily by dividing into the same number of equal parts the right 
corresponding lines upon which they have to be marked. In the same way all the voussoirs 
belonging to the leading arcs maybe cut. 

Supposing the arch to be entirely constructed of ashlar work, all the longitudinal voussoirs 
might be cut in the same manner. They could also be obtained by a method exactly similar to 
that used in shaping the stones for the helix of a corkscrew staircase. But more generally the 
body of the arch is constructed, as has been said, of materials of small dimension, for example, of 
bricks. The stones which compose this construction as« then identical one with another, and to 
place them properly, spread upon the framework, which is to bear the arch for a time, a layer of 
plaster forming a cylinder equal to the intrados, upon this layer trace the spirals which form the 
edges of the inner arch ; the distance from one to another is that of the thickness of the stones 
which are to be used ; it only remains to place these latter in the intervals between the spirals, so 
that the face which is to form the inner arch coincides with the layer of plaster, and they are 
then xmited by cement. 

Independently of the voussoirs belonging to the head arches, the upper course of the imposts, 
and the triafigular voussoirs marked by the letter « in Fig. 1459, named coussinets, are constructed 
of stone. These coussinets must be firmly fixed in order to resist the thrust of the layers which 
have a tendency to slip along the bed-joints, considerably inclined towards the springers. For 
this reason the coussinets are shaped so as to fit in with the stones of the upper course of the 
imposts. These coussinets have a concave-cylindrical face on the intrados, a convex-cylindrical 
face on the extrados, a spiral face making part of a bed-joint, and a spiral face forming an upright 
joint. They are shaped like the heading voussoirs, by means of panels of development of the faces 
of the intrados and extrados ; the figures a 1" 1 and A 1" x, Fig. 14(>4, represent these two develop- 
ments for the first coussinet on the left. 

The defect of the helicoidal arrangement lies in the tendency of certain courses to slip 
outwards : tiius the course projected at h' c' k /, Fig. 1464, has a tendency to slip towards the back 
of the arch. To avoid this defect, the helicoidal arrange- 
ment may be limited to that portion of the arch comprised ^**"' 
between the leading plane and a neighbouring upright 
section. If, for example, A B and C B, Fig. 1467, repre- 
sent the horizontal tracing of the leading planes, and M X 
and O P those of two neighbouring upright sections, the 
helicoidal arrangement may be employed only for the 
portions A B N M and C D F O of the arch, and the por- 
tion M N P O be arranged as in an ordinary cylindrical B~|{f 
arch. The courses which have a tendency to slip out- 
wards, at C and at B, are thus suppressed, or at least reduced to the leading voussoirs. More espe- 
cially in case the arch is intended to be of great length will it be useful to adopt this arrangement 

The helicoidal arrangement has also b^n charged with a tendency in the courses to become 
twisted when the framework is taken away and before the mortar has acquired a proper consistency. 
To remedy this, it has been proposed to replace the upright spiral joints by plane joints parallel 
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roppoeilioD, it would be preferable to «dopt the orthogouJ 



to the leading planes. Bu' 
UTangeTQeiit. 

Tht Orthogonal Arramiemfnt, — A line meeting normally all the corves of a series i» C«Jled their 
orthogonnl trajectory. In the Brrangement under conBideration the upright joints are Terticii 
planes parallel to the leading planes : theiie planea cut the introdos aooordlng to curves equal la 
the leading arcs, ellipsea for instance : (be 
edges of tbe sufHts are the oitbognnal trajec- 
tories of these equal curveH. and the arrange- 
ment ought to be called the arrangement by 
orth^onal trajectories. 

T^e projections of these trajcctotiea are 
ooneiructcd in the following manner. Let 
A C and B D. Fig. 1*68, be llie erring lines 
of the arch ; we shall take the plane of the 
ipring for the hcriionta] plane of projeclion. 
sad the leading plane A B for the vertical 
plane. To make it more clear, we sball sup- 
poae that, as ia moat frequently the case, the 
leading curves are circles, l^t x x,y y, z i, 
H u, l>e the tracings of plane« parallel to the 
leading planes, and which determine the up- 
right joints; let 0, 1', 2', 3', 4', 5', be the 
centres of circles according to which the in- 
tersections of tJiese planea with tbe intrados 
>re projected. It will be noticed at the outset 
that each of the required trajectoriea is pro- 
jected upon the vertical plane according to a 
curve which is iliielf an orthojfonat tmjectory 
of the circles whoue centres are 0, 1', 2 , 3', 4', 
S'. For if we consider by itself one of the 
required trajectories, at the point where it 
meets one of the circles x x,yy, and so on, its 
tangent is perpendicular to the tangent of 
this circle, which is parallel to the vertical 
plane. Now, when a right angle baa one of 
its aides parallel to one of the planes of pro- 
jection, we know that it is projected upon 
this plane at a right angle : the tangent of 




le of all the analogooa circles, it results that the projection of the trajectory meeta 
bU these circles normally, and that it ia in consequence their orthogonal trajectory. 

Thiatrajectoryof the circles 0. 1', 2', and so on, may be delennined exactly by ulculation. Adj 
one of these circles baa for its equation 

(x-=)'+j^ = B', [5] 

R designating the radius and a the abscissa of the circle, computed on S Y, starting from any put: 



which belongs to each curve. From the equation [5] we obtain </ = , oonsequentlj w 

should have 1 — ^ -^ = 0; eliminating d from this proportion and the equation [5J uA 

then integrating, we obtain for the equation of the required trajectory 

. = l.g.' ''-''^''' = »-' + ^^Slp.'-H»^. [7] 

We see that all the orthogonal trajectories of the circles 0, 1', 2', 3', and so on, are equal cnrves, and 
that having obtained one of them, we sh^ get aJl the others by causing the first to revolve panM 
to the axis X Y. If, for example, we suppose the arbitrorj' constant = O, we shall Snd for x and r 
the corresponding values stated in tbe foltowiog Table :— 



-0183 -1- 




TheM valaes correspond with a ci 



re of the form indicated in Fig. 1469. If the » 
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to the leading planes were ellipsee haying for semi-axes a and 6, we shotdd likewise find for the 
equation of the orthogonal trajectory of their projections npon the vertical plane 



•'-""■-•■ ■>"'--'+«^. 



-Ih'^^^^v^^ 



Instead of having recourse to calculation, we may construct the curve approximately by the pro- 
perty which serves for its definition. For example, let M', Fig. 1468, be the first point from which 
we wish to draw an orthogonal trajectory of the circles 0, 1', 2', 3', and so on. If from the point 
M' we draw a right line in the direction of the point 0, until it meets the circle 1' ; from the point 
of meeting, a right line in the direction of T, until it meets the circle 2'; from the new point of 
meeting, a right line in the direction of 2', until it meets the circle 3' ; and so on ; we shall obtain 
a broken line M' J, which will difier less and less from the desired curve, in proportion as the 
sections xx^y y^ z z^ and so on, are nearer one to another. But it will be a little lower in position 
than this curve, because its successive sides are normal only to the circle which passes round their 
upper extremities. If on the contrary we join M' to the point 1', arresting the line of junction at 
the circle 1', and from the point of meeting, draw a right line in the direction of the point 2', until 
it meets the circle 2\ and so on, we shall have a second broken line M' B) which will also differ 
very little from the desired trajectory, but which will be a little higher in position, because its 
sides are normal onlv to the curve which passes round their lower extremities. If, then, we form a 
broken line M' N', by joining the middle points of the arcs of the circles intercepted by the two 
lines M'/3 and M' a, the line thus traced will differ still less than the two preceding from the curve 
we wish to obtain. 

The projection M' N' of the trajectory, which is to serve as the edge of the inner arch, being 
obtained by one of the above methods, we can easily deduce therefrom its horizontal projection ; 
to do this, from the points at which M' W meets the circles 0, 1', 2', 3', 4', 5', we let fall perpen- 
diculars to the base line, terminated at the right lines A B, x or, y y, z ^r, k u, C D, horizontal 
projections of these circles ; and joining by a continuous curve the points thus determined, we 
shall have the projection M N of the trajectory upon the horizontal plane. 

We take for the bed-joint corresponding with each edge of the inner arch the left surface formed 
by the normals to the Intrados drawn from the different parts of this line. To obtain the normal 
to the intrados at any point of the trajectory M N, M' N', — at the point P, P*, for example, — it will 
be observed that this normal is perpendicular to the tangent of the circle x x ; and as the latter is 
perpendicular to the vertical plane, the normal, for the reason already given, will be projected 
vertically according to a perpendicular to the tangent at P' of the circle 1' ; that is, according to 
the normal P' Q' to this circle. Besides, the normal to the intrados being included in the plane 
of the upright section, it will be projected horizontally upon the horizontal tracing of this section, 
that is to say, perpendicularly to the axis of the arch, or accordiug to P Q perpendicular to A C. 
We proceed in the same way for all the other normals ; the bed-joint is then determined by its 
rectilinear generatrices. 

It is necessary to determine its intersection with the extrados. Let D H E be the upright 
section of the intrados, and F G that of the extrados, brought down upon the horizontal plane. 
To get the point of junction of the normal P Q, P* Q', with the extrados, we first draw from the 
point P a parallel to the axis of the arch, until it meets at p with the section E H D ; then, after 
naving determined the horizontal tracing I of the normal, we project it at > upon D E ; next joining 
t>, we shall have the projection of the normal upon the plane of the right section ; prolonging 
this until it meets at q the curve of the extrados F G ; draw from the point q a perpendicular to 
D E, which will determine the point Q ; then a perpendicular to X Y, which will determine the 
point Q'. Proceeding in the same maimer for the other normals, we shall obtain the projections 
of the intersections of the bed-joint in relation to the surface of the extrados ; and the same for 
the other bed-joints. 

Develop, by the ordinary methods, the surface of the intrados and the surface of the extrados 
with the curves there traced ; and we shall have the developments of the panels of the inner arch, 
and the corresponding panels of the extrados. 

Supposing the arch entirely constructed of ashlar work, each voussoir would be shaped by a 
method analogous to that explained in treating of the helicoidal arrangement. The four nonnals 
which form the angles of the voussoir having been projected upon the plane of the right section, 
we have the projection of the voussoir upon this plane. Upon this projection is constructed an 
upright prism, having for height the distance of the two plane joints ; for example, the distance of 
the right lines x x and y y. Upon the concave face of the cylinder we apply the panel of the 
inner arch, and upon the convex face the corresponding panel of the extrados ; the two left joints 
will be shaped by aid of a rule extended along guiding points marked out beforehand upon each 
edge of the inner arch, and upon the curved edge which corresponds to the extrados. But more 
generally, the body of the arch being constructed of rough stones, or of bricks, a layer of plaster is 
prepared coinciding with the intrados ; upon this layer is traced, by the aid of the development of 
the intrados, the orthogonal trajectories, between which it only remains to arrange the stones 
intended to form the ardi. There will here be a little difficulty additional to that met with in the 
helicoidal arrangement ; the trajectories, although equal one to the other, are not equidistant, and 
it is necessary in consequence to vary the thickness of the stone employed, according to the 
distance of the two curves between which it has to be placed. As to the heading voussoirs, they 
form a sort of arch independent of the principal archj it results, in fact, from the defective 
parallelism of the edges of the inner arch that the bed-joints could not be prolonged as far as the 
leading planes without causing in the size of the heading voussoirs inequalities which would be 
displeasing to the eye; these voussoirs are then shaped independently, making the bed-joints 
normal to the leading planes. The shaping of these voussoirs then presents no diffictdty ; the 



plane fsoea beine eiemted, the cflindriesl anrfecea u« knerwudi shaped bf meuu of » nh 
pUced along guiding points choaen beforehuid. 

An importAnt aimpliflc&tioa has been propoMd in the conflbucrtion of the uch tmder oonEidei^ 
tion, which conaiBts in replacing the left bed-joint» by the cylindrical sorfacee projected bj the 
tnjectoriea upon the leading planes, mrfacee wbicli in fact differ Ter; little from the fomier, and 
which besides poasess the odTantage of furnishing only reeotioos aituated in planea parallel la Ibe 
leading planes, nnd in conaeqnence not affording an; oompoaant perpendicular to these plaOM: 
that ia to nay, not giving rise to a Uunat bf increasing the opening. When the arch is to beef 
great lengit^ we can, as diown in Fig. 1467, arrange the portion of the arch comprised between the 
upright Hectiona M N and O P as an ordinar; cylindrical arch, and onlj employ the orthogonal 
orrongeoienl for the portions A B N M and C D P 0. But in place of using joints ru nning 
Dalollel to the heods, we employ vertical planes which converge, some towards the point of 
Junction, the right lines AB and UN, and othera towards that of Uie right lines CD and OP. 
The edges of the inner arch are the orthogonal trajectories of the vertical sections of the intrados 
thus obtained ; their tracing is necessarily more complicated. This system is ^lat which is called 
the convergent orthogonal arrangement. Its advantages do not appear to make up for the difficnll; 
of its execution and the ungraceful appeaisnce of the arch. 

Parallel Arches in fcAcWon.— Lastly, obliqne bridges are formed of a series of npright arches, 
equal end parallel, but placed one behind another Id echellon, as is shown inFig.'14T0,in borizootal 
projection. These archea are ordinary upright cylindrical oRbea, but of unimportant length, A B, 
A B, and so on, whose centres 0,0, and ho on, are placed on the ails of the obhque arch. They ore 
mutually united by other cylindrical arebea M N, M N, whose vonasoirs are embayed to a greater 
or Ie«8 extent in the thickness of the principal arches. The system is inelegant in appearance. 



Ll— -A- 
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a also eoDatmoted of wood, but they ore all 

, „ _ _ . hellon ; that ia, they ore oompoeed of a certain 

number of equal and parallel girders placed in echellon to one another, in such a manner that tbeil 
homologous points are situated upon right tinea parallel to the axis of the bridge, or the direction of 
the piers. Fig. 1471 represents the vertical projection of a semi-oreh of anch an arrangement, 
which is frequently used for tho erection of a more permanent structure. Bach girder is composed 



t>«, which support the roadway t& of the bridge. In the example given in Fig, 1471, the numbsi 
of girders is four. The principal ditScuIty of this mode of construction oooaiBta in the method to 
be adopted to bind together the different girders, in onlei to form the whole into a perfectly solid 
syetem. The method mout in use is that of uniting all the girders by horizontal braces MH, 
which are then parallel lo the direction of the piers. But as the rafters pass through the brscM 
in an oblique direction, it is necessary to determine by a draught the apertures to be excavated in 
these braces. Let A B and A' B' be. Fig, 1472 and 1473, the projections of one of these rafters, in 
relation to a horizontal plane passing thrnugh its lowest point O. It is necessary to first fix the 
transverse dimensions of tho braces, In projecting the rafter upon a vertical plane perpendicular 
to the direction of the piers. Let C O' be this direction, and let O' X perpendicular to C O' be the 
near ground line. Upon the boriiontal projection of the edge which starts from the point C, take 
any point I, which projects at K apaii O X and at K' upon O X'. Prolong the poipendicnlors, and 
take upon the second a len^h K' H' etfual to tho distance E H, and join O' H', wbicb will be the 
near vortical projection of the edge which touches the point C. The projections of the other edges 
will be easily obtained from this, in tho manner indicated on the figure. Having thus obtained, 
Fig. 1474, the vertical projections of the rafters upon a vertical plane perpendicnleu' lo the 
direction of the braces, we can determine the upright sections H H of these braces. Mark tba 
points 1, 2, 3, 4, and 1', 2', 3', 4', where their faces, perpendicolar to the new vertical plane, meet 
the edges of the rafter ; and project these points, Fig. 1473, upon tbe corrcHponding horizontal 
projections of these edges. We can thus trace the parallelograms 12 4 3, and I' 2' 4' 3' acmrding 
to which the rafter penetrates the lateral faces of the braces. Taking, then, in one of these faces a 
point from which wo suppose a horizontal parallel to the direction of the piers, let us imsgine 
the braces to revolve round this horizontal, until the lateral faces of which we have just spoken 
have asanioed a horizontal position, and in this position their different points to be projected upon 
the original horizontal plane of proiection. Then, from the snmraits of the parallelogranu 1,2,3,4, 
and 1', 2', 3', 4', let fall perpendicnlan npon the direction of the edges of tbe biMsa. Uo^ingv 
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Fig. 1475, the inteneetioiu of theas perpendlcnlttn with the perpendfoalan to ox trhioh uuwer to 
the same flgores, we Bhall obtain the apper and lower tracings of the apertures we wish to determine, 
nioh as will have to be drawn oa the faces of tho braces when executing these apertnraa. Only, it 
mutt be observed, that as a consequence of the rotatory movement imparted to the brace*, it tl 
the VPP*"' ""^ which is placed to the right in Fig. 1475, and the lower one which is placed to the 
left. We may proceed m the Bamo maniter for the other aperlnres, but it will be notioed that 
they have their faces p«tallel, and this will much shorten the opemtion. 




11)5. 



Id plaoe of imiting the rafters one to another, the hanging-biaoM are sometimes connected by 
boriionlal ones. This arrangement would give rise to operations analogous to the preceding. 
Occasionally a direction differing from the horizontal has been given to the braces oaitiug the 
different beams. 

Timber Bridge CotiHriKlion. — The roadway of these temporary structures rests npon seYOral girders, 
generally equidistant. The interval l>etween two consecutive points of support is called a space. 

The arrangement of the girders raries considerably ; we sliall only deal with the systems 
mostly used. 

Wbere the interval between two consecutive points of support does not eiceed 5 mHrea, the 



placed transversely the cross-beams which si 



IB roadway and the pavement. If the interval 



is to be from 5 to 8 mMres, supplementary beams A A, Fig. 1476, projecting 2 mitres on each side 
and snpported by struts //, are laid npon the piles. Fig. 1476 also shows the heads m m of the 



\r 




In the case of intervals of 8 to 12 metres, a seoond row of struts //*, Fig, 1477, is added, abutting 
npon another supplementary beam B, placed in the middle of tho interval. If these secondary 
wttntt have a length exceeding twelve times their breadth, thev are supported by hauging-braoea 
a a, whiob are theDuelvea united fnnn one girder to another by norizontfubraoee m'm'. 
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For greater intervals several stages of struts or rafters united one to another bf vertied 
hanging-braces may be employed. When the interval is of considerable length, beams bound 
vrith iron are employed. The bridge at Wittingen, over the Limmat, forming a single span of 
118" '90, is cited as the most remarkable instance of this kind of construction : it is composed of 
several stages of armed beams, united by vertical hanging-braces, and supported by several 
systems of struts or rafters of different inclinations, the lowest of which is an armed beam. 

In the several cases just indicated, the dimensions of a beam are calculated as if it were 
simply placed upon supports. The total weight for one interval of the roadway and pavement is 
calculated, and dividing by the number of b^ms, we have the weight uniformly diffused over the 
length of a beam. If the bridge is exposed to considerable and varying loads, these must be taken 
into consideration : such are, upon an ordinary load, the passage of a vehicle representing a weight 
of 6000 kilos. ; or upon a railway, the passage of a locomotive weighing 60,000 kilos., which gives 
30,000 kilos, for each beam, as one is ordinarily placed under each raU. Let a be the length of 
the span, p the weight a linear metre, P the weight accidentally applied at the middle of the 
span, we must reconcile the two equations 



and B = ;-(lpa. + ^P.) = A(ip,, + ^P.), 



[2] 



calling h the horizontal dimension of the upright section of the beam, and h its vertical dimension. 
We will take R equal at most to 600,000 for oak, or 800,000 for deal, say, 60 kilogrammes the 
square centimetre in the first ca^, and 80 kilogrammes in the second ; find the proportion of 
A to 6, and deduct h from these two formulae ; the greater of the two values then obtained must 
be adopted. We can then estimate the weight of the beam to introduce it into />, and calculate a 
nearer value for h. 

When the same beam forms several spans, or even the total length of a bridge, it is considered 
as a piece of timber placed upon supports, corresponding to the piers of the abutments. We thus 
determine the moment of flexion corresponding to each point of support, and next the moment of 
flexion on any given point of the beam, the maximum of this moment, and by consequence the 
transverse dimensions of the beam. For the same calculations we deduce the reactions of 
the supports, and on the other hand the load sustained by these supports, whence we obtain the 
dimensions of the piles. 

The dimensions of the divisions of the bridge must be calculated in the same way as for a por- 
tion of timber placed upon a certain number of supports, which are here the beams, loaded with a 
weight uniformly diffused, and also with a weight applied at the middle of the interval between 
two beams, representing the movable load caused by the passage of a vehicle. But as this calcu- 
lation is a very long one, a more rapid, but less exact method is preferred. The dimensions of the 
portion of the bridge are calculated : Ist, as if the part of this portion comprised between two 
beams formed an isolated portion placed on two supports ; 2nd, as if it were let into the two poiDta 
of support. In the first case the maximum of the moment of fiexion is g^ven by the formula 

fi = -^pa^ + -T Poi calling a the distance between two beams, p the weight uniformly spread 

over each portion of the bridge, and P the movable load ; in the second case we should have 

The mean of the values of fi given by these two formulaj is adopted. When the bridge has to 
support occasionally only the weight of a wagon not exceeding 4000 kilogrammes, the divisions of 
the bridge may be 0*" * 50 distant from one another ; if the accidental load will be greater, they must 
be placed nearer together. But it is well to observe that when only a momentary load is in question, 
wood can be made to support a greater tension than that which we have indicated above, and 
that it is allowable to increase it then to 100 or 120 kilogrammes the square centimetre. 

To calculate the dimensions of the struts, suppose each beam placed upon the supports which 
are formed by the extremities of the piles and the struts, and determine the reactions of theae pointi 
of support ; for struts analogous to that which abuts on the point A, Fig. 1477, we take the 
resultant of the reaction lengthwise to this piec^ of timber. It will be necessary that this resultant, 
divided by a transverse section of the strut, should give a quotient equal at most to 60 or 80 kilo- 
grammes the square centimetre, according to the kind of wood employed ; for struts such as those 
abutting on the point B, we should distribute the reaction in the direction of the strut, and in a 
horizontal direction ; and make use of these two resultants, to determine in the same way the 
transverse dimensions of the strut and the underlying beam. 

For bridges of great extent, there has been employed in France for fifty years, a system in 
which the beams and the roadway are sustained by an arch formed of a certain number of curved 
rafters, bound together by iron straps, and united to the roadway by hanging-braces in a direction 
normal to the arch. Fig. 1478 represents one division of the bridge of Ivry-sur-Seine constructed 
on this plan by M. Emmery. The arch has a chord of 22" -50, and a versed sine of 3™ -48. The 
roadway rests directly on the crown of the arch, and the beams are hollowed out to accord with this 
arch. The weight of the roadway is also transferred to the arch by means of braces. The girders 
are fastened one to another, not only by horizontal braces parallel to the axis of the bridge, bat 
also by horizontal slanting beams which assist in counteracting the effects of the wind on the 
whole system. 

To calculate the transverse dimensions of the arch exactly, it would be necessary to consider 
the roadway as placed upon the hanging-braces, to determine the reactions of these' supports, to 
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take these in a contrary sense to get the reactions of the braces upon the arch, and determine the 
normal component of tliese; we should thus have the forces which act upon the arch, inde- 
pendently of its weight. But we can obtain sufficiently approximatiye results by considering 
the weight of the roadway as uniformly spread oyer the horizontal projection of the arch. In the 



case we are 



dealing with, the formula ^^*=^( — ^4)'* generally used, in which 6 is the 

transyerse dimension of the arch in a horizontal direction, A its thickness yertically, P the total 
weight of the bridge, p the mean radius of the arch, a the length of the arc with a radius 1 
sinular to the arch under consideration, and B a coefficient which it is conyenient to take as 
equal to 300,000. 



1478. 




Constructors employ a still more simple method, which giyes results sufficiently near. It 
consists in regarding the proposed arch as the arc of a parabola, loaded with weights proportional 
to the horizontal projection of its elements. Let O M, Fig. 1479, be a portion of the arch com- 
puted from the yertex. Let us take for the axis of x the tangent to the yertex, for the axis of y 
the axis of the curye. Draw the tangent to M, and by a known property of the parabola this 
tangent will cut OX in the middle I of the abscissa N of the point M. Let M' be a point 
infinitely near to the point M ; draw the horizontal M H and the yertical M' H. The arch O M is 
in eouilibrium, under the action of the weight P (borne by the arc and which passes through the 
middle I of O N), of the tension Q exercised at O in the direction O X, and the tension T which 
is exercised at M in the direction M I. These three forces are then proportional to the three sides 
of the triangle M I N, or of the triangle M M' H, which is similar to it. We haye then 

M*H _ P^ dy __px 

MH " Q *^' (/j? " Q ' 

designating by P the weight a linear m^tre supported by the arch. Integrating, and obserying 

that for a: = we should haye y = 0, we obtain for the equation of the curye y = 077^. This 

equation must be completed by the co-ordinates of the spring ; if the a is the semichord of 



the arch and / its versed sine, we should haye / = ^pr a', whence Q = 



p a* 

27 



We shall next 



have T = VP* + Q*=vp»a:*+ ~jr = /> v a?» -f- -r-^. The maximum of T answers to 

4/* 4/' 



X = a, and has for its value 



Trrpa V 1 + 



4/»- 



ThiB mftxjtnnm value will serve to determine 



the transverse dimensiouB of the arc. 

The arch being supposed to resist only by compression, it will be necessary that the maximum 

tension T divided by the area of the transverse section should give a quotient at most equal to 

60 kilogranmies the square centimetre for oak, or 80 kilogrammes for deaL Galling b the hori- 

T 
zontal dimension and A the vertical dimension, we shall have --r = 0*6. If we take the milli- 

T 

metre for unity, we shall obtain b. and deduce A = -r-r-r . 

0*66 

For some years there have been constructed in America timber bridges on an entirely different 

system. They were invented to enable railways to pass across considerable streams of water, as 

we have before statecl and illustrated. They are called trellis-bridges, because they have exactly 

the appearance of trellis- work. Fig. 1480 represents a portion of a bridge of this kind constructed 

at Bichmond, U.S., on the system of Town. The girders, which are 6«"-125 in height, are formed 

of thick planks arranged trelliswise, applieJ flat without being let into each other, and joined by 

oak pegs. They are united by several courses of braces, horizontal as regards the length of the 

bridge, and by a certain number of vertical braces. Two equal guides are fastened together on 

each side of the bridge. These two girders leave between them an interval of 3™ '20. They are 

joined above and below by cross-beams, the intervals between which are filled by diagonal work. 

Other diagonals, placed vertically according to the transverse sections, complete the protection of 

this system against the wind. The exterior sides are covered with planks to secure the construction 

3 B 
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Bgsinst the effootB of the weather, as a ghown on tliu right side of the flgure. This fonna a long 
■pace of rectan^nr gectioD. 

To appreciate the reBistaDi^ of Euch a oonetruc- 
ticn, wo may ooDsider each girder as a solid placed 
upon two aupports, loaded with a weight imiforml} 
d&u«ed, and with a load equal to the weight of two 
locomotivea applied in the middle of the Hpan But 
as the openiDgB here form alwut two-thirde of the 
total volume, it is Bdvisable to reduce to one third 
the coefilcient B o( the resistance, that is, to 20 kiloe t 
» squsire centimetre for oak, or 27 kilos for deel ~ 
D^gnating by R' (he coefflcient thus reduced, bv - 
p the weight of the bridf;e the linear mMre, by P 
the road applied in the middle of the span, by a the 
length of the span, by b the total thicknesa of all 
the traces in a borizontat direction, and by h the 
height of each girder, wo shall have to apply the 

rononla already used, K' = ^{~aP'''-i-T^'')' 
W. Presse, in his course of "Applied Mechanics," luB 
endeavoured to estimate in a more precise manner thi 
Bhook supported by each of the pieces oompcaing thesi 
girders or beama of trellis-work. He considers first 
the simplest ca<e to which the system would be re- 
duced, as shown in Fig. 1481, to two courses of ia- 
olined raUs, A B C D . , . . A' B' C D' . , . . jointed ■ 
withinclinedties AA',BB',CC',DD'. . . .on (he 
one band, and A' B, B' C, C D, on the other : and 
he supposes, in the first place, that the beam tbos 
defined supports only a single weight 2 P applied 
in the centre. It follows at once that the beam 
receives from the abutment on the pier upon which , 
it rests a vertical reaction P applied at its ex- 
tremity A. Let a be the acute angle which the inclined rails make with the vertical. Then 
most then be equilibrium between the force P applied at A and the tensions or pressures of the 
ties A B and A A' ; it is then easily seen, by the parallelognun of forces, Fig. 1350, that the rail 
A A' undergoes a pressure equal to P tan. a ; and that the rail A A' nndergoes a presaore equal Id 

. If we next consider tiie equilibrium of the point A', we find by the same means tiiat the 

forces exercised in the direction A'B and in the direction of the prolongation of A A' must be 

P 
equal ; and that the tension of A' B' has for its value 2 sin. a, or 2 P tan. a. The eqm- 

MofA'BaKd 
is equal to P tan. • -H 

2 sin. a, that is, to 3 P tan. a. Adopting the same method with the point B', we find thit 

the pleasure of B' C is equal to that of B B', and that the tension of B' C has for its expreoion 
2 P tan. ■ -h 2 Bin. a, that is, 1 P tan. a. Continuing thns, we find that all the tie« snpport 




equal to '■ 



; that the lower horizontal ties support niocenive U 



P tan. 0, 3 P tan. a, S P tan. a, 7 P tan. s, and so on ; and the upper horizontal ties, tensioiis 
expressed by 2 P tan. a, 1 P tan. a, 6 P tan. b, 8 P tan. a, and so to the middle of the spaD. 
Starting from this point, the same tensions are reproduced in inverse ratio because of the sym- 
metry of the arrangement. If the nnmber of the lower horizontal ties is equal, it is the middle lis 
which will undergo the greatest tension, and, calling 2 n -f 1, the total number of theae lines, the 
maximum tension will be eipreaeed by (2 n -(- 1) P tan. a. If the number of the lower horiionlal 
ties is equal, the upper liorizonlal tie occupying the centre will undergo the greatest tension,and 
if 2 n is the nnmber of the lower lies, this maximum tension will be eipresBed by 2 n P tan, cu 

In the second place, the case in which the treliis-work beam would be loaded with a weight 2p 
at each of the intermediate joints, B, C, D, and so on, of the lower course of braces. If n is the 
nnmber of these intermediate joints, np represents the vertical reaction which is exercised at tbe 
point A. Considering, step by step, the equilibrium of the upper and lower points of junction, «s 
arrive at the following conclusions: — 

lat. Tbe sides patallel to A A' undergo pressures, having suocesaively for tbeiivnlnc — —t 
("-2>P (»-4>p (n-6)p ^^^^^_ "*•■ 

2nd. Two inclined ties abutting at tbe same point, are, the one, compressed, the other eitsoded, 
by the same intensity. 

3rd. The pressures of the npper ties sre represented by the values, 2nptan. a, 4<a — l}ptaii.a. 
6 (n - 2)p Un. a, 8 (n - S)p tan. o, and so on. 

4th. The tensions of the lower horizontal ties are expressed by niitni).B,[n -f- 2 (n- niptsn.a, 
[. -t, 4 (, _ 2)] p tan. a, [n -^ 6 (n - 3)] p tan. a, and so on. 
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OaJUng i the position of a horizontal tie in eaab of these series, we haTe fur the pKssnre of 
n nppet tie, 2i{ti — i + 1) p tan. a, and for the tension of a lower tie, 
[n + 2(.-l)(«-. + l)]ptan.<^ 

Hie maTrimnm of the fint eipieasion answers to i = — ^ — , and that of the second to 



H-l-3 

I = —5 — ; if theae terms are not integers, the maiimam will not be produced ezaotlj, but 
Approximately, althongh ■ may be a large number, as is ordinaril; the case. We find the value 
of the maximom to be - p tu. a (n + 1)' in the first cue, and ^ p tan. ■ [(n -f 1)* - 1] in the 
•eooud. So that, calliog N the number of times that AB is contained in the length of the span, 
the maiijmini of preasore or tension of the horiioiital ties is expressed by - ptC taD. a. 

There have been constructed in Bavaria timber bridges differing from the American svstem 
onlj in that the joints of all the pieces of woodworli are united bj cast-iron sockets, and the girden 
enter the abutments, hollnved out for this purpoee. 

In America there has also been applied another mtem ronoded on the use of cnrred arcbea. 
Snoh is the bridge at Trenton over the Delaware, partially represented in Fig. 1482. The girdera 
are Ave in number : in each, the principal part is an arc of a circle formed of eight planks super- 
poaed ; it rests at its extremities upon the piers, and supports the roadway hj means of suspending 
iron bars. The arch is, besides, united to the roadway by pendant ties inclined at an angle of 45°. 
All the woodwork is covered by a roof, and sheltered laterally by planks. The arches of two sno- 
oessive spans nbnt against each other by means of woodwork raised npon the pier and elevated to 
two-thirds of the height of the arches. 

Lastly, there hae been coostracted at Liep, York county, a bridge of the same kind, bot in 
which the roadway, in place of forming the chord of an arc, is placed at mid-height between the 
chord or the vertex ; so that the roadway is snepended underneath the upper portion of the arch, 
whilst it rests npon its lower portion. This system, in which the bridge fonoe a (H'dei, appears 




o have to determine the dimensioD and 



giong Bridga. — After the water-way has been fixed, v 
the form of the arches. 

There is a very simple relation between the span of a s^inental arch, ite height or versed 
sine, and the radius of the circle to which the arc belongs. If 2 c represents the span, or the chmd 
A B. Fig. 1483. of the arc, / the versed sine H C, and B the radius A, the semtchord A C being 
a mean proportimal between the two segments of the diameter to wliich it is perpendloular, wo 

c'-/C2B-A*henoeB = -^. [1] 



If we wish to have the semi-are A 1 
lut it has for its sine the proportion -7 



n degrees, or the angle of the osntre A OH, we observe 
or ^ ; designating the angle by a, we have then 



It is not osnal to give to the proportion -a lower value than ^, which snppoaes a height eqnal 
to ( of the span, and gives sin. o = 28^ 4' 20", or thereaboats. However, in exceptional cases, 
this proportion has eometimes been rednced to .; or - ■ 

The bridge of Solferino is an example of the form adopted in the E«rly constmetion of iron 
bridges. The arches, Pig. 1484, have a span of 40 mfctres, and a height of 4" 02, They 
are formed of cest-iron vouesoits, of open work it) the leading arches and solid in the intennedute. 
The figure, 1485, represents the elevation and the transverse section of the first vouseoir ofan 
intermediate aich. It will be seen that the section represents a donble T, with a central rib. The 
pediment, that is to say, the space comprised between the arch and the roadway, U filled up by 
open-work plateeof a trapezoidal form. Fig. 1186 represents one of theae plat«a. 



The gfirdeiB iire nnited ono to another by three aystemi of crow-joint*, placed, aome abore the 
ribaof the intrailoa, others below it, and others upon tberibavhich form the crown of the pedimeiiL 
These latter crosa-jniota, at a dintanee of 1'°'30. alao aerTS to suatain arches of brick aiid Bamu 
oenicnt, upon vhich the roaUira; and the side-valks are erected. In this Bjitcm of arches formed n( 




vottseoirs, the casting is only aaMect to compresBion ; the only portions exposed to eitenaion aie 
the croHS-joints, but as they are lev in number tbpj may be executed in wrought iron. The pre*- 
Bures to which the voussoira are subject can be calculated bb for stone arches. But the incqDalitim 
of the load are of much f^cater importance here than in stone brid^;e8. Suppoatug that one half of 
the 8i»n bears tbo mnximura load of 400 kilos, a square metre, whilst the other only supports iti 
own weiEht. we can determine on this hypntbeeis the direction and intensity of the thrust on the 
key. Let Pand FiFig. HM7, be the weights supported by the two halves, II tlio point of applica- 
tion of the reaction N of the two linlvca of the arch, and B C the oblique direction of this reaction. 
We let fall from the sprinpi A and A', upon this direction, the perpendiculars A C and A' C, and 
erect tbo verticals A U and A' B'. Let p and p' bo the dislancee of the forces F and P* fnim lbs 
poiuta A and A'. We shall have for the equilibrium of the first half of the arch the formala 
N X AC = P;>, and for the equilibrium of the second half N x A'C = P'p', whence dtTiding 
the triangle ABC and A' B' C being' aimilar, the Snt 

Now, calling H tbe height m, we bare A B + A' B' = 2 B, WD- 



member by member, 



term may I: 



AX' F/ " 

replaced by the proportion of A B t 



A' B", which gives — 



AB + A'B' Fp + Vp' 
seijuontly there results A B = 2 H 



i , from which we can obtain the direction of the force 



Vp + Pp" 

N, next the distance A C, and ullimnlelv the intensity of the thrust N. 

The most rcmarkabte oxamplo of a bridge with straight iron beams ia the Britannia Bridge, 
constructed in I8.'50 oyer the Henai Straits, hy Robert Stephenson, on the Chester and Holyhead 
Railway. This bridge traverses an arm of the sea at 33 mitres above high water, by means of 
four spans, of which two are not less than 140 metres long. This bridge has the form of a long 
tube, with a rectangular section of S^-IU in height by l^'SO in breadth. Its upper casing 
wall is itself formed of eight equal tubes, fastoned one to another, of a square section of C'dSSa 
aide, and its fiooring is ^rmed of six similar tubes 0<°-533 high b^ O0-7II wide. The latetal 



„ >y0»-711widi 

ited.botb above and below,by triangular brackets 1*'22 high by 0~'533 



amount of noosenae nas been 



walls are solid, and u 

wide. Since the completion of this work, about which 
written, bridges with beams of iron plating have multiplied c 
siderably. In bridges of small dimensioDS the beam is composed 
of a long plate of sheet iron, made fast at top and bottom by angle- 
iron ; Fig. 1488 gives the section of this beam. It is strengthened 
from distance to distance by transverse plates having the same 
height as the beam, and towards the top the same width as the 
upper plate, while towards the bottom they are of greater width. 
ITiis form is repreaenteti by the dotted lines on Fig. 1488, In the 
more important bridges, (he beam is a tube vtUi a rectangular 
section, formed of four plates of iron held twetber by angle-iron. 
Fig. 1489 is the section of a beam of this kind. The arrangement 
of these beams has been varied in many ways, those just described 
are the most generally used. On railways, beams analogous to that i 
of Figs. 1488, 1489 are ordinarily placed above the roadway which 
rests on the lower ribs ; these benaa are three in number, and the trains pass along the apaoea 
between tbem. [t follows, when the bridge is of large dimensions and the bEams eonaeqaently of 
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great height, that the ptospect is completely shut out when passing over riyers, that is, at the 
most picturesque parts of the way. To obviate this inconvenience, the German engineers have 
endeavoured to replace the solid walls of the beams by walls of trellis-work ; but this system, in 
which one of the sets of bars forming the trellis is elongated while the other is compressed, does 
not afford sufficient solidity. 

To determine the transverse dimensions of straight beams, they are considered as prismatic 
bodies placed upon two supports, loaded with a weight uniformly diffused, and with a load applied 
at the centre. If p designates the weight a metre uniformly diffused, P the load applied at the 
middle of their extent, x the length of this, R the limit of tension which must not be exceeded, 
h the height of the bridge, and I the moment of inertia of its upright section in relation to the 
horizontal drawn in this section through its middle, or, more exactly, through its centre of gravity, 

1. 

2/1 1 \ 

we shall have to apply the empirical formula 'R^ — l-pa' + jPaj, But it is necessary to 

observe here that, as in the case of timber bridges, if the load is the weight of two i^^* 
locomotives crossing at the middle of the interspace, as this is an exceptional load, a 
we may admit that the plates, in place of only having to support, as orainarily sup- j^ 
posed, about -X of the tension corresponding to its limit of elasticity, momentarily 
supports -1^ ; tnat is, in place of taking for B 6 kilos, a square metre, we should take 
12 kilos. 

In arched metal bridges, the beams which sustain the flooring are ordinarily of cast 
iron, in the shape of a double T. But sometimes it is required that the resistance should 
be the same in all the transverse sections, at least over a certain extent, starting from 
the key. To this end, the distance between the internal edges of the ribs is made 
to vary. If, for example, A stands for the distance between the ends A and C, Fig. 1490, 
b the distance between the points A and B, h' the distance between the points A' and 
C, and 6' twice the distance A' I, A' is made to vary in such a manner that the resist- c' 
ance caused by the weight uniformly diffused may be the same for each section within ^ 
certain limits. 

Let p be the weight uniformly diffused, and a the length of the interspace ; each point of 

support will exercise a reaction equal to —pa; the moment of the forces which act upon this 
space, from the point which has for its abscissa x, computed from one of the extremities as far as the 
other extremity, will have for value /I =/) (a — x)— (a-ar)= - ~/)a(a — a?); or fi = •~p(ax''a^. 
The moment of inertia of the section in relation to the horizontal passing through its centre of 
gravity is besides, according to an empirical formula, I = -Tq (P^^^^' ^'^) '* flnftlly, the ordinate 

of the most distant rib from the axis is o = — - A. 

Galling B the limit of tension not to be exceeded, we shall then have, taking only the absolute 

value of ^ R = -rr = -pfr — rrnr- > * formula which will give the values of A' corresponding to 

1 6 A* — 6 A • 

the values of x. But as it is not necessary that the thickness A A should be less than the thick- 
ness of the vertical nucleus, as soon as A' has attained the value that is given for this thickness, 
we cease adding to A', and diminish A as far as a limit fixed beforehand. On the Auteuil railway, 
for instance, wo have, according to M. Claudel, 

p = 1600SA = 0»-60, 6 = 0»-28, 6' = 0»-26, a = 8 metres; 
and, taking B, for want of better knowledge, as equal to 6,000,000, we find the value of x corre- 
sponding to the key, that is for jp = — a A = 0'"-52, which will give 0"*08 for the thickness of the 

two united ribs, or 0"-04 for each of them. We find that for a: = 1™' 44 (about), the thickness of 
each rib is reduced to 0™'02, which is the thickness of the nucleus ; A and h' are then diminished 
by an equal quantity without decreasing the thickness of the rib, until we reach A = 0"*40, the 
limit of height fixed beforehand. 

The cross-bars are also ordinarily of a double-T section. On the Auteuil railroad we havo 
a = 2", A = 0«»-30, 6 = 0"-20, b' = 0"'188, whence we deduce 0""014 for the thickness of the 
nucleus and the ribs. 

Suspension Bridges. — The first consideration in suspension bridges is to determine the geo- 
metrical position of the angles of the polygon formed by the points of attachment of the suspending 
rods. It will be observed, first, that each couple of rods corresponding with the two sides of tlio 
roadway may be considered as bearing half the weight of each of the two interspaces comprised 
between the couple of rods and the preceding or following. If the rods are equidistant, they will 
consequently sustain equal weights. If the rods were infinite in number and infinitely close to 
one another, each couple would sustain an element of the roadway, and any given portion of the 
chain would sustain a weight proportioned to its horizontal projection. On this hypothesis it is 
easy to perceive that, disregarcfing the weight of the rods, the chain would assume the form of a 
parabola to the vertical axis, the equation of which is easily ascertained. Let A, Fig. 1491, be 
the lowest point of the chain. At this point is exercised a horizontal tension which we ¥rill 
represent by Q. Let us take for the axis of t/, the vertical of the point A, and for the axis of x 
a horizontal O X drawn at the height of the roadway. Let M and M' be two points of the 
chain infinitely close to one another ; let T be the tension of the chain at the point M, a force 



742 



BBIDGE. 




which 18 applied in the direction of a tangent at this point. If a designaieB the angle of 
this tangent with the horizon, the horizontal and yertical components of T will be T oos. a and 
T sin. a. Passing from the point M to the point M\ 
these components will become T oos. a + (/, T sin. a, and 
T sin. a + (/, T sin. a. 

Let 2 p be the weight a lineal mbtre of the bridge, 
2pdx will be the weight of an element of this bridge, 
and pdx wQl be the weight of the portion N N' of the 
bridge supported by a rod jointed at the middle of 
the element MM'. This element being in equilibrium 
under the action of this weight and of the two tensions CT 
already considered, we shall have, by taking the sum of 
the horizontal components (T cos. a + d, T cos. a) — 
Tcoe. o = 0, or (/, T oos. a = 0, whence 

Tcofl. a = const. = Q; 

and taking the sum of the vertical components, 

(T sin. o + rf, T sin. o) — T sin. a — /) rfx = 0, or d^ T sin. o = p dx, 

Q 

and substituting for T its value » d Q tan. a = p d x^ or Qd y* = p d x, calling y' the angular 

cos. CI 

coefficient of the tangent at M. Integrating and observing that the point A is the lowest 

p 
point, we have / = for or = ; we obtain Q^' = px, or <f y = -^ xdx. Int^;Tating afresh 

and designating by y, the ordinate of the point A, we find 

the equation of a parabola which has for axis the axis of y, d being employed as the differeutial 
sign. 

Without supposing the rods infinite in number, if we suppose them equidistant, as is ordinarily 
the case, and disregarding their weight, we may demonstrate by very slight consideration that the 
angles of the polygon formed by the chain are upon a parabola. Let M, M\ M", Fig. 1492, be three 
consecutive points of the chain ; let T and T' be the tensions of the sides M M' and M' M", and P 
the weight supported by the rod M' N'. The point M' being in equilibrium under the action ci 
these tlu'ee forces, the sum of their horizontal components is equal to ; that is to say, the horizemtal 
projection of the tension of any given side is a constant quantity ; we will designate it as above, by Q. 
Produce the side M M' as far as K ; the three forces T, T', and P, will be proportional to the three 
sides of the triangle M' M" K, which are respectively parallel to them. If then we represent the 
tension T by the side MM', or by its equal M' K, the tension T* will be represented by M'M", 
and the weight P by M" K. Now the weight sustained by each rod is a constant quantity, since 
the rods are equidistant ; the length M" K is then also constant. Draw the horizontals H I and 
M' H. The length M' I or its equal KH being the primarv difference of the ordinate M X ; that 
Is to say, the difference between M' N', and M N, and M H, being the primary difierenoe of the 
ordinate M' N', that is the difference between M" N" and M' N', the length K, which is the differ- 
ence between these two primary differences, is nothing else than the second difference of M N. 
The centre of curvature of the points of the chain has then this property, that the second differenee 
of the ordinate is constant ; it is then a curve, the equation of which is in the form y = a + bx-^c:^^ 
that is, it is a parabola, whose axis is parallel to the ordinates. 

1493. 





Finally, still disregarding the weight of the rods, whatever may be the successive distances of 
the rods one from the other, the consecutive points of attachment of the chain are always upon 
a parabola. Let M^, M|, M,, M„ .... Fig. 1493, be the consecutive points of the chain ; x^ 
Voi -^iT Vit ^2* 2/tf • • • • their co-ordinates in relation to two rectangular axes, the one vertical passing 



through the middle of the horizontal side m M^, and the other horizontal ; P^, P|, 
weights supported by the corresponding rods; T„ T,, T„ 



P.. Pr tl»e 



the tensions of the consecutive 
sides ; Q their common horizontal projection. It is sufficient, in fact, to consider the equilibrium 
of any given apex and make equal to the sum of the horizontal projections of the forces acting 
upon it, to see that all these tensions have horizontal projections equal in absolute value. Let na 
consider the equilibrium of the point M^ ; the weight P^ applied at this point has for its expression 



P. = ;'(x. + ^') = 2^(x,+ 



•f.)» 



[3] 
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dedniating by p the weight a linear m^tre sustained by the chain, which is the half of the weight 
per linear m^tre of the roadway. Making equal to the sum of the horizontal projections of the 
forces Q, T, and P^ we obtain 



Q = T, COS. Ml M, H = T, 



*i ""*• 



M^Mj 
Making equal to the sum of the vertical components of the same forces, we find 

|(x, + x.) = T, sin. M, BI.H = T. ^^•. 

If we divide term by tenn the two propottionB jnst established, we obtain 

i ^ or. + X.) = ^J, whence y. - y. = ^ (*? - *S). 



W 



If we consider the equilibrium of the point H„ we shall find in the same way 



Q = T.'»-' 



M,W""^l<'« + "> = '^'fi:iJ' 



whence dividing term by term, 

Applying the same method to all the other points, we shall obtain analogous relations; and if 
Xn - 1, y« - 1, and Xn , y* represent the co-ordinates of any two given consecutive points, we sImJI 
have 

y« - y« - I = 2^ (*; -ar:» i). [6] 

Adding term to term all the relations thus obtained, and reducing, we find 

80 that by suppressing the index n we have for any given point of which x and y are the co-ordinates. 



^"^•"2Q^'^'"*'^* 



[7] 
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this is the equation of a parabola whose axis is vertical, and which has for its vertex the point of 

the axis of y having for its ordinate y, — -^-^ xj. 

If the chain had no horizontal side, we should make the .v axis pass through the lowest apex 
M« ; we should then have x, = 0, and applying the same method, we should find the equation of 
tiie parabola to be 

Having the equation of the curve, we can easily deduce from it the horizontal component Q of 
the tensions of the sides. In fact, the point at which the chain meets the vertical, elevated at the 
extremity of the roadway, may be considered as a 
point of the chain ; now this point is always g^ven. 
If the chain is symmetrical with relation to the 
lowest point, the co-ordinates of this imaginary 
point of attachment are the semi-span a of the 
bridge, and the height h of this point above the 
axis X ; we should then have, in the case of the 
formula [7], 

* - ^' = ^ ("' - '»>' ^^'^'^ ** = § ' ni^- 

In the case of the formula [8], we should have 

1 a* 

Thus, by assuming the supposed point of attachment, and the point M«, we determine the 
ordinate of a point of the chain corresponding with a given abscissa, and consequently the point 
corresponding with a given rod, as well as the horizontal tension of the chain. 

The actual point of attachment is always situated beyond the point which we have called the 
imaginary point of attachment. 

It is easy to deduce from the preceding the tension of a gfiven side of the polygon formed by 
the chain. Let M,- 1 and M,. Fig. 1454, be two given consecutive points, and T, the tension of 
the side M,_i M,. The portion of the chain comprised between the point M, and the point 
M, _ I bears the weight of the roadway comprised between the axis of y and the vertical passing 
through the middle of M.- 1, Mn ; this weight has then the value 




= P \Xn~ 



Xn— Xn- 



- j = 2 />(««-i + ^«)- 



This portion of the chain is in equilibrium under the action of its weight, and of the forces Q 
and T, ; calling a„ the angle of the side M, . i M, with the horizon, and making equal to the 



744 BEEDOB. 

sum of the horizontal oomponeDts and that of the vertical oomponentB of these three foroes, we 
obtain T» cofl. a. = Q, and T« sin. a» = P., whence, squaring, adding, and extracting the sqosn 

root: 

T. = V Q* + P: . [9] 

This tension increases with P. ; thus the maximum of tension is placed on the last side. In 
order to oilculate it more easily, we may suppose that the lowest point of the chain ia the vertex 
of the parabola, which is to place it in the case of the formula [8] ; and if we call 6 the differ- 
ence h — y^ or ih& height of the point of attachment above the lowest point, we have 

^ 1 <»* 

Besides, we have then F = pa; calling T the maximnm tension, it follows that 




T = VVa«^>»5,orT=pa\/: + ^. [W] 

The horizontal tension and that of the different sides of the chain maj also bo determined 
geometrically when we know the inclination of the last side. To make this clear, we will take 
the case where there is a horizontal side. Upon a vertical of indefinite length let us take the 
lengths I A, A B, B C, . . . . D H, Fig. 1495, proportional to the successive weights supported 
by the different rods ; that is to say, to half the sum of X49i. 

the weights of the two adjacent divisions of the bridge. 

From the point I draw a horizontal, and from the ex- ^ ^y^ ^ 

ireme point H a right line, having the inclination given * 

by the last side of the chain. These two right lines 
meet at a point O; draw OA, OB, 0, ... . OD. 
The right line I H, representing the weight borne by 
the rods O I, will represent the horizontal tension Q, and 
the lines O A, O B, O C, and so on, will represent the 
tensions of the successive sides of the chain ; O H will 
represent the tension of the last side, which is the maxi- 
mum tension. If we first consider the portion of chain 
comprised between the first rod and the last, we see that it is in equilibrium under the action of the 
horizontal tension Q of the tension T of the last side, and of the weight P of the roadway borne by 
these rods. Now, these three forces being parallel to the three sides of the triangle O I H, they 
are proportional to these sides ; and since r is represented by I H, it follows that Q is repre- 
sented by O I, and T by O H. 

Let us now consider the point of attachment of the last rod ; it is in equilibrium under the 
action of the weight p, suspended to the rod, of the tension T of tlie last side, and the tension T 
of the preceding side. Now, the two former forces being represented in magnitude and in direc- 
tion by the two sides D H and O H of the triangle O D I^ the third force T must be represented 
in magnitude and in direction by the third side O D of this triangle. We should thus demonstrate 
step by step that O G, O B, O A, and so on, represent in magnitude and direction the suocesaiye 
tensions of the other sides. An analogous mode of reasoning would bo employed in case there 
were no horizontal side. In both cases the force Q is the horizontal projection common to all the 
tensions. 

It is necessary to determine the length of the chain. To obtain this, we might calculate suc- 
cessively each of its sides by means of the co-ordinates of its extremities. But this method is a 
very laborious one ; and wo can obtain a sufficient approximation by substituting for the polygon 
the circumscribed parabola, of which we have the equation. We take for this the equation [8], 
in which we suppress y^^ which amounts to making the x axis pass through tiie lowest point ; we 

thus get y = 2Q -^'j ^h replacing Q by its value, kP T^ 

y^ht. pi] 

Calling 8 the length of the arc of the curve computed from the vertex, we have 

da = dx V 1 -i- y'* ; 

but w* = 2 6 — , consequently rf» = rfarvl-*- — - — 
a» "* ■' a* 

In the ordinary application, b is small in comparison with a ; besides, or is at the most equal 
to a ; the fraction imder the radical is then very small ; and wo may, without perceptible error, 

add under the radical — g— ; the quantity under the radical then becomes a perfect square num- 

(2b*x^\ 
1 H T— ). 

integrating, and observing tliat for :r = we should have « = 0, we find 
and for x = a. 



2 6* / 2 6»\ 



which is the length of the parabola from the lowest point up to the point which corresponds with 
the extremity of the roadway. 
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This length of the chain Ib its absolute length under the action of the load which it supports ; 
it is g^reater than its original length «« by the elongation produced by tension. Let be a mean 
between the maximum tension calculated aboYCf and the horizontal tension Q ; the elongation of 
iron a linear metre being 0*00005 m^tre for a tension of 1 kilogramme a square millimetre of the 

section, calling » the section of the chain expressed in square millimetres, « — 5« =r s. -0°** 00005, 

8 

whence s^ = . The length a will vary with the temperature ; the coefficient of the 

1 +- 0-0005 

expansion of iron, roughly estimated, is 0*0000122, so that passing from to the temperature ^, the 
length 8 becomes s' = s (1 + 0*0000122 t). From this results an increase of the versed sine, which 
it is necessary to know how to calculate, l^ow, if in the formula [12] we allow 8 and 6 to become 

46 
variables and differentiate, we have ds = ^-db. For in considerable expansions we may admit 

that the final increments of a and b are plainly proportional to increments infinitely small ; we 

then write 46,, 3 a 

A » = ;r— A 6 , whence A 6 = - - A a , [13] 

3a 4 6' "■ ■• 

. A 6 signifies the finite difference of 6. 

This formula giyes the increment of the versed sine A6 corresponding with an increase of length 
A « of the chain. We thus find that for a bridge of 100 metres span, in which case a is equal 
50 metres, and having a versed sine of 5 metres; the latter is augmented by 0" - 135 when the 
temperature is raised from to 30^. 

The section of the rods is easily calculated according to the weight they have to carry. Take 
the value of the weight of the roadway which the rod has to support, and add to it, according 
to the regulations laid down, a load of 200 kilos, a squaro metre ; divide the sum by 12 kilos, in 
the case of iron bars, and by 18 kilos, in the case of wire rope. The quotient expresses in square 
millimetres the section of the rod. 

The section of the chain is determined according to the maximum tension which it has to 
support. This tension is obtained by taking into account at first only the weight of the roadway, 
of iia load, and of the weight of the rods. We thus obtain for the section of the chain an approxi- 
mative value, whence we deduce the approximative value of the chain itself. Becommencing the 
calculation by introducing into the total weight that of the chain, we obtain a near value for the 
section, which is in general sufficiently near for all purposes. The small beams supported by the 
rods by means of iron straps may be considered as prisms placed upon two supports and loaded with 
the weight of the flooring-planks, which form two semi-interspaces, having the regulation load or 
weight uniformly spread over the length of the beam. The dimensions of the flooring are calculated 
in a similar manner. The regulation load of 200 kilos, a square metre represents the weight of 
three men. If the bridge is intended for the passage of vehicles, it is necessary, in the calculation 
of the section of the chain and that of the rods, to take into account the weight of two conveyances 
at least ; and to consider them as crossing one another upon a given interspace. It is also necessary 
to consider this circumstance in the calculation for the smaller beams and the floor, independently 
of a weight uniformly distributed ; we have then to consider a weight applied at a given point, for 
example in the middle, which is the most unfavourable case. 

Wo require to calculate the lengths of the rods. If they are not equidistant, each of these 
lengths must be calculated by means of the equation of the parabola, and taking the sum. But 
the oalculation is simplified when the rods are equidistant. Let us consider first the case in which 
there is no horizonteJ side. We have seen that the equation of the parabola in relation to its 

vertex is then w = 6 -= . 

or 

Let us,designate by X the width of an interspace ; the successive lengths of the rods, computed 

from the axis of x, that is to say, from the horizontal which starts from the lowest point, will have 

for their respective values — j- , — j— , — j— , . . . . — j— , calling n the number of rods. The 

6x« 
sum 2 of these rods will then be 2 = -y (1 + 4 + 9 + . . . . + n'). Now the sum of the squares 

of the consecutive numbers from 1 to n has for its value , we shall then have 

b 

6X2 n(n + l)(2n+l) 

^-■^ 6 • 

We may simplify still more this expression by observing that we have 

a = (n -f 1) X, whence — = • 

Substituting this value for — , and reducing, we find 

n(2n+l) 1 .^ 2n+l 

If there is a horizontal side, the most simple method is still to take the parabola in relation to 

p x^ 

its vertex, in which case the eiiuation [8] is reduced further to the form y = ^^ ** = * ^s » since 

the transposition of the axis of x does not change the parameter. But the abscissa of the points 
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of attachment of the rods are then, designating by c, the half-intenpaoe, c, 3 f, 5 c, 7 €,.... (2 a^l) c, 
n designating the number of the rods. We have then in this case 

2 = ~ [1 + 9 + 25 + 49 + (2 n - 1F|. 

Or 

Now the sum of the squares of the n first unequal numbers has for its value 
we then get 2 = '4 (2" -D 2" (2n + 1)^ 

This expression may be simplified by observing that we have a =f 2 n +1, whence — = ■ 

Substituting and reducing, we obtain as a final result 



(2n~l)2i» (211 + 1) 
6 



,(2n-l)2n 1 ^ 2n- I 



[15] 



6(2 n + 1) 3 '"2n+l 
We may remark that the values of 2 given by the formulie [14] and [15] differ very slightly 

from -^ & n ; so that when we only require a summary estimate, we can get the sum of the lengths 
3 

of the rods by multiplying the third of the greatest by the number of these rods. 

The formulsB [14] and [15] give the sum of the lengths of the rods only as far as the tangent 
to the vertex of the parabola circumscribed on the chain. It is necessary to add further the lengths 
of the portions of the rods comprised between the tangent and the roadway. If the latter is hori- 
zontal, calling 8 the distance from the vertex of the curve to the roadway, we must add n 8 to the 
sum already calculated. Sometimes the roadway has a slightly parabolic form, the convexity being 
turned upwards. In this case it would be necessary further to add to the sum of which we speak 
the sum of the ordinates of the new parabola, correspond- . 2490, 

ing with the same abscissae ; they are calculated like the " 
fiiit sum. 

We have supposed up to* the present that the X H 

chain was compoi^ of two symmetrical portions, its ][ 
vertex corresponding with the middle of the road- 
way. This is not always the case ; but, knowing the 
heights A and h', Fig. 1496, of the supposed points J^ 
of attachment H and H' above the tangent to the 
vertex, and the length A A' = L of the roadway, it is easy to determine the distances a and a' 
from the simmiit of me parabola to the extremities of this roadway. For we have, first, a + 0'= L. 

Next we have, since the points H and H' are upon the parabola, A = -^ a? and A' = ~r a\ 




whence 77-= 



A^ 






a 
or -. = 



VT 

Va^ 



2Q 



2Q 



Wc also obtain from the two relations between a and a' the values 

^~h , . , a/it 



a = L 



and a' = L 



^ h +^ h' ' ^ h +^ h' 

which determine the position of the point O. This point being known, we may apply to each of 
the branches O A and O A' the calculations and the formul» belonging to the case in which the 
point O was supposed to be in the middle of the roadway. 

We have also supposed that there was only one chain on each side of the bridge ; generally 
there are several ; but the projection of their vertices upon a vertical plane parallel to the directioo 
of the bridge is upon the same parabola. The calculations are made as if cdl these vertices 
belonged to one chain. If there are four, the first bears the rods 1, 5, 9, &c. ; the second, the lodt 
2, 6, 10, &c. ; the third, the rods 3, 7, 11, &o, ; the fourth, the rods 4, 8, 12, &c. 

1497. 

1498. 





The chains or cables rest upon the piers or abutments by means of fixed or movable supports. 
In the first case, these supports are piers of masonry, or cast-iron pillars. The chains are not 
attached to these ; they pass over rollers, or portions of rollers, known as revolving sectors, Fig. 1497, 
which themselves rest upon a plane surface. The intention of this arrangement is to distribute 
the pressure more equally over the difiercnt portions of any one chain, and to counteract the rupture 
which might result from an inequality of tension between two consecutive portions of the chain. 
Occasionally the chain is even made to pass over three rollers, of which one, that in the middle, 
is placed higher than the others, in order to diminish the angle of fiexion of the chain, Fig. 1498. 
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The movable mpporte tie colnmiu or luge OMt-bon npriglita, reititig apon a Bred mpport bf 
mams of » liotiionUl roaiuled edge. This arrMtgeinent has the rams iatention u the use ol 
friction-rollere or revolving secton. The teurioii ii dUlributed equally betveeD the two divisioiu 
of the cable, and tbe resultant of the two eqoal teasioiiB is directed accordinff to the bisectrix of 
the aDKle fbrmed bf the two divJBioiis ; it leaiia towards one or the other side, acoording to the 
inequalitj of the load of the two roedwaya. It is plain that if, from the effect of a passing load npon 
one of these two roadways, the tension of the chain is augmented, the chain is drawn towards that 
aide, and bj adherence draws with it the movable pillar, making it revolve roond its resting point 
O, Fig. 1499, until the tension diminishing on that side and increaaiiig ou tbe other, beoomes equal 
to the two divisions. 

The base of the pier must be so ananged that, meeting tbe result of the two tensJont, with tha 
weight of the pier and the revolvioe column, we obtain a total resultant whii^h meets the base of 
tbe pier at a point in its interior, snfflcienllj removed from the nearest edge ' " ' ' 
stone, and will alao make with tbe vertical an angle inferior to the angle 
pillar on the stone, that is to ■■;, inferior to 37°, or the angi» of/nctiim. 



it edge to avoid crushing tha 
angle of the friction of the 





Each of the estremities of the chain, after having passed over the fixed or movable mpport 
which corresponds to the abutment, is carried into the groimd, penetrating into a solid mass of 
maaanry, united to the pier. Fig. 1500 shows this arrangement : the chain after passing over tha 
Bupport, takes the direotion A B, generellj more nearly approaching the vertical than the laat 
side T A : at B it assumes a bent direction, so as not to require in the mass where it is moored 
dimensions needlessly great; with the point of inflection tiiere usually corresponds a smaller 
revolving support: the chain afterwards descends in the direction BG mto an inclined channel, 
which is tenninated by a narrow opening closed by a ptate of cast iron, to which the chain ia 
fixed ; below this is the mooring-hole C, into which there is access by the opening D to reach 
the point of attachtaent. Tbe same opening usually servee for access to the two cevities cm 
the same bank conununicating one with another by a vaulted gallery. It is necessary for tbe 
eqnilibrium and stabCity of the system, that on composing the tension in tbe direction of A B 
with the weight of the monring-block, a resultant should be obtained which meets the mass of tbe 
block at a point in its interior, at a sufficient distance from the nearest ridge, and which will 
make, with the vertical, an angle inferior to the angle of friction considered above. In aocoidanoa 
with this, the dimensions and consequently the weight of the block are determined. 

Aa a rule, no greet height is given to the snpports, whether fixed or movable; it follows that 
the temsion Q is rather oonsidereblo, for it vanes in inverse ratio with the height ; but in an 
economical point of view there is less inconvenience in slightly augmenting the section of the 
~'"~i, than in increasing the height of the supports, which would besides have the effeot of 




diminishing stability. W]iere we are obliged to g;ive a great height to the supports, they are 
united by stays A B, C D, Pig. 1501, which are attached to the top of one of the piers and fixed 
at the foot of 'the other; the Sgnre shows this arrangement. 
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We have nid that the nctoBl point of attuhment of the chaina do«« not 
coincide with that which we have called the imaginar; point of attachment, 
which Ib upon tho vertical of the extremity of the roadway. In this in- 
ternal, the chain having only its own weight to cany, affects the form of an 
aich of chainwork, which accords with the parabola circnmacribed on the 
chain ; but the two curves differ then so little one ^m the other, that we 
may without appreciable error comidor the arch of chainwork u the prolon- 
gation of the paraboia. 

Iron llrM/t Buildiag.—The Charing CrosB Bridge, erected to support the 
Charing CroHS Kail way over the Thames, occupies the site of the Himgerford 
Buspension Bridge. 

This bridge comprises nine spans, Fig. 1502. six of 154 ft. and three of 100 ft. 
The Buperstructore over the three latter span* is fao-shaped. Fig. 1503, in 
as the ground available for the 
Charing Cross Station being 
eomew&l restricted in length. 
It was neceaaary to besin the 
widening out on the bridge. 
It was found aecessary to 
divide the opening between 
the Middlesex pier and abut- 
ment into three spans of 100 
ft., instead of into two spansof 
154 ft., as on the Surrey side. 

Tho bridge is carried by 
oylindera, sunk into the bed 
of the riser, and by the piers 
of the Ilungerford Suspension 
Bridge, Fig. 1502, the upper 
portions of which have been 
removed, while the lower por- 
tions have been added to and 
modilied, so as to adapt them 
for the railway bridge. The 
abutments of the Uungerford 
Suspension Bridge are also 
retained, but liavc been consi- 
derably lengthened and al- 
tered. The width of the river 
at the bridge is 1350 ft. The 
greatest depth of water be- 
tween the two brick piers is 
13 ft. below low-water spring 
tides, and the average depth is 
about 10 ft. The rise of spring 
tides is 17) ft. Tho level of 
the rails is :jl ft. above Trinity 
liigh-wator mark, and the clear 
minimum headway is 25 ft. 
above the same level. 

This bridge was designed by Hawhshaw, but (he practical part of the 
work, which is by far the most considerable portion is due to the engineenng 
skill of Joseph Phillips. 

Cj/finrfsrj for the Openings 154 /(. Span. — Tho cylinders, eioepting those 
at the fan end, are 14 ft. diameter below, and 10 ft diameter above the 
Kround, the junction between the two sizes being effected by an intcrme- <u [SjH 
diate conical length. Fig. 1504. There ore four p ers (tbroo intervinmg '^dl 
between the towers of the Hungerford Suspension Bridge and one between 
the tower and the abutment on the Surrey side) formed o( cylinders of the 
above diametcra, and each of the piers consists of two cylindeis, 49 ft 4 in 
apart, from ceub^ to centre. Thej are of cast iron, and are shown in detail 
in Figs. 1505 to 1507, The circmnferonce of each cylinder of 14 ft dia 
meter, is divided into seven equal parts or segments, the segments being 
generally 9 ft. high ; that of the cylinders 10 ft. diameter, is divided mto 
Sve eiiual parts or segments, cai^h segment being abo generally 9 ft. high 
whilst lliat of tho intermediate or conical piece is siinilailj divided into 
five equal parts or segments, each 9 ft. high. The segments are fantened 
together inside, by bolts 1} in. diameter, passing through flanges cast ou tl e 
top, bottom, and sides of the segments. A horizontal interior strengthening 
rib is cost on the middle of ea^ segment. All the joints of the segments, 
both horizontal and vertical, are planed, end spaces are left inside be- 
tween tho Qanges for the introduction of iron cement, to render the joints 
water-tight. The vertical joints of the segments, in each of the two lengths 
of different diameters respectively, ore over one another. There are tlius cod 
tinuous vertical lines of ribs, securing a strong oolumnar artangement. The 





SirJiiag the Cyliaden. — The itoging for MsUng the cylinden ooiui«ted of piles erected round 
the pier, gnppcrtiiig a stage or pl&tform at the level of 4 ft. abovs hieh-TCteT mark. When thii 
tAapag waa in its place, an opening of 45 ft. was left between two ad^ining pien ; bnt in onler 
that the navigation might not be mteirupted, onlj two openings, in ue spaoe between the two 




brick pien, were allowed to be narmwed to that extent. The itoging nsed in the two Snrrey 

rnings, which waa generallj Himilar to that employed for the other openings of the same span, i« 
ira in Figs. 1508, 1509. Tho part up to the lower platform -ma erected for the purpoee of 
Biukiag the cylinderB. This was afterwards carried np, and the 45-ft. opening spanned, for the 
porpose of erecting the girders. 
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The strata through which the cylinders are sunk, Fig. 1502, consist of mnd and grayel, of 
varying thicknesses, overlying the London clay. The cvlinders were sunk by excavating the 
material from the inside, by means of divers, and then oy weighting them as the excavation 
proceeded, until they had passed through all the porous material, and had entered a few feet into 
the solid London clay. The water was then pumped out, and the cylinder was kept dry during 
the rest of the operation. The sinking was then proceeded with, by excavating the material and 
by weighting the cylinders. The weight with which it was found necessary to load the cylinden. 
in order to overcome the friction of the sides, and to sink them to their final de)>th, avenged 
about 150 tons. The London clay extended to a depth far below the level at which the ejUndetB 
were founded. 

The cylinders constituting the pier between the Surrey abutment and the brick pier^ are ma!k 
to a depth of 52 ft. below Trinity high-water mark. Those between the two brick piers aro 
sunk to a depth of 62 ft. below the same level, excepting the up-stream cylinder of the middle pier. 
which had to be sunk 10 ft. deeper, on account of some of the material through which it ponnnii 
being softer than that met with at the sites of the other cylinders. 

Filling-in the Cylinders^ and Weighting. — After the cylinders had been sunk, and the material 
had been excavated, they were filled with concrete up to where the conical part commenoee, and 
with brickwork from that level to the under-side of the granite bearing-blocxa occupying tiie top 
of each cylinder. The concrete was composed of Thames gravel or balUst, that obtained frcon the 
excavation from the inside of the cylinders being used, so far as it was suitable and sufiScient 
This was mixed with Portland cement, in the proportion of one part of cement to seven parts of 
gravel. The brickwork is generally composed of the best paviour bricks, set in Portland cement 
mortar, in the proportion of one part of cement to two parts and a half of sand. 

Before the lengths above high water were put on, the cylinders, after they had been filled with 
the concrete and brickwork, were weighted with a load of about 450 tons, excepting the two 
cylinders in the pier nearest to the Surrey side, which were the first sunk, and weighted each 
with 700 tons, that being about the greatest load that could come upon any one cylinder, assuming 
the four lines of rails on the bridge to be loaded with locomotive engines. Upon the removal of 
the loads, it was found that each of the cylinders which had been weighted with 700 tons had 
permanently sunk 4 in., and each of the others that were loaded with 450 tons had permanently 
sunk, on an average, nearly 3 in. The larger loads were applied in order to test the strength c^ 
the foundations, and the subsequent smaller loads to bring the cylinders to a bearing, so as to 
prevent any settlement, after the completion of the bridge, from the weight of the permanent and 
moving loads. The load was applied by piling the permanent rails of the railway on the cylinders. 
After it was removed, the top lengths were put on, and were filled in with brickwork, and then 
the granite bearing-blocks were fixed in place. These blocks are 2 ft. 6 in. thick, and are in two 
equal pieces, which, when together, fill the cylinder, the joint being under and longitudinal with 
the girders. The granite blocks project 1 in. above the top of the cylinders, in order that the 
weight may be prevented from coming on the upper edge of the ironwork. 

Each pair of cylinders forming a pier is connected together transversely by a wrought-iron box- 
girder, 4 ft. deep, strongly attached to the top of each, Figs. 1510 to 1512. This girder also serves 
the purpose of a cross-^rder for supporting the road- 
way. Assuming the four lines of way on the bridge 
to DC loaded with locomotive engines, the pressure 
on the base of the cylinders would amount to 
about 8 tons the square ft., and that on the brick- 
work at the top of the cone, where the cylinder is 
10 ft. diameter, to about 9 tons the square ft. The 
former pressure, however, is on the supposition that 
no relief is afforded by the friction of the sides 
against the material through which the cylinders 
penetrate. If this were taken into account, as it 
should be, the 8 tons the square ft. would be much 
reduced, and it is clear that this pressure will not 
be approached. 

Superstructure of the Openings 154 ft. Span, — The 
superstructure of each of the openings, 154 ft. span, 
consists of two main girders, underneath which are 
cross-girders. Fig. 1504. The main girders are, like 
the cylinders, 49 ft. 4 in. apart from centre to centre 
transversely, leaving a space between them sufficient for four lines of rails, the roadway platform 
being supported by the cross-girders. For the purpose of carrying the footpaths, each of which 
is 7 ft. wide, the cross-girders extend beyond the main girders, forming a series of cantilevers on 
each side of the bridge. 

Main Girders Spanning the 15i-ft. Openings.— These girders are of wrought iron. They are not 
continuous over two or more openings, but are all detached. Each has to support, inclusive <?f its 
own weight, a maximum distributed load of about 700 tons. The elevation, sections, and details 
of these girders are shown in Figs. 1513 to 1530. The extreme depth of the girders is 14 ft, and 
the depth between the centres of gravity of the top and bottom members is 12 ft. 9 in. When the 
girders are loaded with a maximum strain of 4 tons the sq. in. in compression, and of 5 tons 
the sq. in. in extension (which are the limits allowed for the wrought-iron work throughout 
the bridge), the sectional area in the top, at the centre of the girder, will be somewhat less than 
300 sq. in., and that in the bottom, excluding the rivet-holes, will be somewhat less than 235 aq. in. ; 
these being the respective central areas of the girders. 

The sides of the girders between the bearings are divided by vertical bars into fourteen equal 
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?1? wl^ -1 F) ? *^To'«^ "^^i "■" ^^? "^ °f boiler-plate, and ooiwirt of horizontal table* 
1ft. wide at the top «.d 3 ft. wide at the bottom, and of four vertieal riba, the two outer torn 
bemg Zi m. deep.and the two inner 21 in. deep. The joints of the pUtea, inthe horiiontal table. 
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of the top and bottom webs, are covered by a contintioiifl plate nmning fte whole length of ftus 
girder ; that in the top being of the same thickness as the plates covered, and that in the bottom 
■ji^ in. thicker, Figs. 1525 to 1528. The joints in the vertical ribs in the top and bottom oeev 
near the pin-holes, and are covered by 1-in. plates, 2 ft. 4 in. long, placed on both sides of the 
ribs, thus forming a good bearing for the pins. Figs. 1529, 1530. The vertical ribs are united to 
the horizontal tables by angle-iron, 6 in. by 6 in., by 1 in. thick in the centre and f in. thick at 
the ends, covered at the joints. The rivets used thronghout the top and bottom of the girden an 
1 in. diameter, and their pitch is about 4 in. 

The aggregate thickness of the plates in the horizontal table of the top in the centre of fbd 
girder being 8^ in., and in the bottom 3f| in., without the angle-iron, and 4| in. and 4^ in. i»> 
spectivcly, with the angle-iron, but excluding the angle-iron covers, it would not be easy to miite 
the parts composing such a thickness by rivets passing through holes punched in the metal. However 
per^tly the holes may be set out in the first instance, the process of punching always stretches the 
iron ; so that, when the plates are put together, the holes do not come accurately over one another. 
Neither would they have been truly cvlindricikl throughout, as they are always, when pmiched, 
larger on one side than the other : so that where so many thicknesses had to be united, imperfect 
riveting would have resulted, unless rimering out to a great extent had been resorted to. 

Tlie diagonals which act as ties are of Howard's rolled suspension links, each separate tie 
being composed of two or three links riveted together. The disuronals acting as struts are etdi 
in one solid forging. The struts and the ties have swelled ends for the pins. The stmts are 
united together in pairs, by zigzag bracing of wrought iron, 4} in. wide by } in. thick, riveted to 
them, and by bolts passing through cast-iron distance-pipes. The ties, also in pairs, are not 
united together ; but in the centre of the girders, where the diagonals act both as struts and ties, 
the pairs are united together in the two central spaces by the zigzag work. The dimensiom of 
the struts vary from 12 in. by 3 in. at the ends, to 6 in. by 2} in. in the middle; and of the tiei, 
from 12 in. by 2^ in. at the ends, to 6 in. by 2 in. in the middle. They are 7 in. diameter at 
the ends of the girders, decreasing to 5 in. diameter at the centre, and are 11 ft. apart from centre 
to centre. 

At the ends of the girders the sides over the supports'are boxed, being composed of f>in. plate 
iron, stiffened by angle and X iron. Where the girders bear upon the brick piers and upon the 
Surrey abutment, they rest upon roller bed-plates ; but upon the cylinders sheet lead only is 
interposed between the girders and the granite blocks. The force of expansion and contraction 
will probably cause the cylinders between the brick piers to rock to and &o to a certain but 
inappreciable extent. The girders were put together in place on the staging. Figs. 1508, 1509. 
The top of the girder was put together on the top upper platform, and the bottom of the girder 
on the top lower platform, the two platforms being kept at the correct distances apart by diagonals, 
converting the whole into a framework of timber. The supports on the platforms, on which the 
girders were erected, were accurately adjusted to the proper camber of the girders. 

Tlie struts, with the diagonal bracing, were alto put together at the works of Cochrane and Co., 
and the pin-holes were bored out to the full size ; so that they, and also the ties, were sent up in 
a complete state. When the top and bottom webs were in place, the struts and the ties were 
erected, and the pin-holes in the girders were accurately bored out, by means of a boring apparatus 
worked by a small steam-engine, the gauge of the running wheels of which was so adjured, that 
it might work backwards and forwards on the two outer vertical ribs of the lower part of the 
girder. Great care was taken to ensure accuracy in the direction and position of the holes. The 
pins, after being coated with grease, were forced into the holes, the diameter of the latter being 
such that the former could only be driven in by exerting a considerable force, a perfect fit bein^ 
thereby established. The vertical bars dividing the sides into the several spaces are 6 in. wide 
by 1 in. thick. They have not been taken into account in calculating the strains. They fit on to 
the ends of the steel pins, and are in pairs, one on either side, and outside the outer vertical ribs 
of the top and bottom, and are connected together by bolts and distance-pipes. The only use they 
serve is to stiffen the girder. 

The ends of the pins are covered with circular castings, screwed on ; and over the ends, resting 
on the cylinders, ornamental castings are fixed. 

The weight of each main girder spanning the 154-ft. openings is 190 tons. 

One of the main girders was tested, when in place, with a distributed load of 400 tons, and 
the deflections were accurately taken. The load being very great, and the girder being uncon- 
nected transversely (the cross-girders not having been fixed), great care had to be observed in 
putting on the weight, which consisted of the rails of the railway. The manner in which it was 
loaded will be understood from Figs. 1531, 1532. The greatest deflection in the centre, when the 



1531. 




1532. 




load was on, was 1-^ in., and the permanent deflection, after the load was removed, was } in., 
Fig. 1533. If the girders had been rigidly connected transversely by the cross-girders, the deflec- 
tion would doubtless have been less. This has since been proved to be the case. The whole of 



the bridge, in iti oamplqfed state, haa been kated by a maiimnm load| wid thegnatert deflootitHi 

of the main girders hsa not been more than J of an in. iu the centre. 

The plate iron used throughout the bridge was also tested. These are interesting, as both the 
eiteosioD and the permanent eet were earefullj taken b; an aocurate a' 




It has been before stated that the ginlera are all detached, and not oontinnona over two or 

more openings. HawkahnVs original intention wm to connect the girders spanning the two end 
openings on the Surrey side, and also to connect the girders spanning the four central' openings. 
As ff^&rds the girders Bpatining the two openings on the Surrey side, it was foand that it was not 
easy (o gain the full adt^ntage from continuity, inasmuch as the girders haviag to support k 
considerable load, the thickness of the plates in the top and bottom was too great to render it 
practicable to reduce them to a minimum at the point of oontrary flexure. Moreover, the strain 
on the diagonals would have been greater at the central support than at the end supports, and the 
uniformity in size of the struts and ties oould not have been maintained, had their correct dimen- 
■ions coniiequent upon continuity been adopted. It was also desirable not to increase the strain 
on the diagonals, aa the end atuits are alt^dy large forgings. The same remarks apply, more or 
less, to the girders spanning the font central openings, althongh in this case greater advantage 
would have bsen gained by continuity. More difficulty, however, would have been experienced 
ill their erection, inasmuch as the Conservatore of the Biver Thames only allowed the staging to 
be erected in the river for two of the central opentnga at one time. It is clear, also, that much 
more trouble would have been incntVed in constructing oontinuons girders over several openings, 
than in putting together a series of detached girders. In the former case there would be a 
mnltitude of disnmilar ports, whilst in the latter all the girders would be duplicates of one 
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anothcr. Better workmanship is thns ensured, and a. 
a less cost a ton. In order to ascertain whether any /' 
saving of metal would be effected by the girders being f 
constructed on the continuous or noircontinuona system, 
drawings of both were prepared, and the weights were 
accnrately calculated. The difference was inconsider. 
able in the case of the side openings, and was not of 
sufficient importance over the central openings to 
counterbatence the advantages to be dcrivea from non- 
continuity. 

Crosi-iinlrra for the Openinfis 151 /(. 5pon.— The 
cmes-girders for the openings, l.'i4 ft. span, are sbnwn in 
Figs. 1534 to 1537. They are of wrought iron, and are 
suspended from the main girders. The top and the 
bottom of that portion of the eroas-girders between the 
main girders consist of two plates, 18 in. wide by { in. 
thick. The sides are of lattice-bars, united to the top 

and bottom by two angle-irons, 5 in. by 3 in. by t^ in. thick. These cross-girds 
the middle and 2 ft. IJ in. deep where the cantilevers i 



-I «*. 



nited to them outside the i 



I ft. deep in 
lain girders, 
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the bottom being fish-bellied, and the top having a camber of 3} in. in ths centre. The lattioe-faan 
are fixed at an ani^le of about 45° with the top and bottom. The ties are in two ban thnmglKiirt, nd 
each bar varieB from 6 in. b; } in.et the enda to 4in.b7 jiu. in the middle. The Btrats aro in «« 
bar paadag between the two ties, and vary from 6 in. by 1 in. at the ends to 4 in. bj ] in. in the 
middle. The riveta in the crosa-girders are {i in. diameter. The cantilevers decieaae fiaa 
2 ft. If in. deep at their junction with the cross-girders to 1 ft. 2 in. deep at the estr«niitleB. Tte 
top and bottom of the cantilevera are composed of two ancla-itons, 3} in. by 8 in. by | in, thiA, 
and Iho sides are of lattiee-bers also placed at an angle of about 45° with the lop and bottom: the 
ties likewise consist of two bars and the struts of one bsi passing between them, each of the tonnr 
being 2 in. by J in. and the hitter Z in. by J in. 

It will be seen, therefore, that the cross-girders are generally similar in chamcter to the main 
girders, "^^t^y an* suspended from the under-side of Uie main girders at the points where ths 
pins occur. They are therefore placed 11 ft. apart, from centre to centre. The sides <rf ttaBcraa- 
girders, where they are underneath the main girders, are boxed in with plate iron. They an 
suspended by four angle-irons — two on either side — and outside the outer vertical ribs of th« 
bottom of each main girder, to which, and to the boied sides of the eross-girder these angle-irOTU 
are riveted. By this means a strong and good attachment is established. The cross-girders are 
connected together by wrought-iron cross-bracing attached to the centre of each. Fig. 1503. Each 
cross-girder, including the two cantilevera, weighs 9 tons. They were tested by erecting two 
cross-girders in the contractor's yard, placed transTersely 6 ft, apart in the clear, the cantileTen 
being removed. They were then loaded with 140 tons (equivalent to TO tons on each girder) 
distributed over the span. The maximum deflection in the centre, when the load was on, wu 
1 in. : and the permanent deflection, when the load was removed, was i in. This result wonlJ 
doubtless have been better had the cross-girders been in place and rigidly fixed at the ends to the 
main girders, Tlic whole of the cross-girders have since been tested in place with a maxtmtmi 
load, and the deflection has ic no case been more than j in. in the centre. 

Fan End. — The superstructure of the three openings, 100 ft, span each, of the fan end is sup- 
ported bv the Middlesex brick pier and by the Middlesex abutment of the bridge, and intermediate 
to these by pien of caBt-imn cylinders, that next to the brick pier oonsisting of a row of serai 
cylinders, and that next to the abutment of a row of nine cylinders. In these two rows, Fi^ 
1503, I53S, the outer cyliadera are 10 ft. diameter below and 8 ft. diameter above the ground, and 
the inner ones are also 10 ft. diameter below but only 6 ft. diameter above the ground, the jmictioQ 
between the two lengths of different diameters being effected by a oonicol length. The cininm- 
ference of the lower lengths of the cylinders. 10 ft. diameter, is divided into segments, which ars 
generally similar, and are connected together in the same way, as the upper lengths of tbe 
cylmdern already described, of the same diameter, in the piers of the openings 154 ft. apeui. The 
upper lengths of (he outer cylinders 8 ft. diameter, and of tlie inner cylinders 6 ft. diameter, are 
not divided into segments, but are cast in pieces complete on the circumference, and 5 ft. long. 
These pieces are fastened together, by bolts \\ in. diameter passing through flanges cast on the 
top and bottom. All the joints throughout these cylinders are made water-tight by iron cemenL 
The cylinders in these two piers have been sunk in place, precisely in the same manner as the 
cylinders of the openings of 154 ft. span, and to depths averaging about 40 ft. below Trinity high- 
water mark. When in place and when all the material had been excavated from the inside, they 
were filled with Portland cement concrete to the level of about 5 ft. above Trinity high-water 
mark. It was not considered necessary to fill in the remaining portion of these cylinders. 

As some irregularities, or deviations from the perpendicular, occurred in siiuking some of the 
cylinders in the row next the 
Middlesex brick pier, a horizontal 
casting, extending over all the 
cylinders of this row, was bolted 
to them at about the level of the 
ground, Fig. 1538 : on this casting 
the upper parts of the cylindera 
of this pier are fixed. 

On account of Ibe great width 
of fan, which increases from 49 ft. 
4 in. from centre to centre of the ^ 
outside girders nt its » __ 

ment at the Middlesex brick pier ^ . 
(this being the width between the 'Z— 
parallel main girders spanning ^^^ 
the IS4-ft. openings) to 108 ft. 
from centre to centre of the out- 
Hide girders at the abutment, the 
system pursued in the other open- 
ings, of supportbg the roadway 
on orosa-girdors suspended from 
outside mnin girders, was clearly 
inadmissible. It was also unde- 
sirable to introduce intermediate main gir 
over the fan is, therefore, carried by inlci 




=sBMa-a¥ 



pnrta, arc gi'ncmlly of tl 



\ projecting above the roadway. The roadway 
|iiBte-girders, laid at ri^ht angles to the pien 
iiiiuii girders, which are at the angle of inclinatiaD 
1542, are of the same depth, and although lighter in 
imp chnmcter, and are fixed at the ssme level, oi the girder* 
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of the openings 154 ft. span. The faces of the bridge have, therefore, a uniform appearance 
throughout. 

The interior plate-girders, where they bear on the cylinders, rest on a bed-plate, Figs. 1503 
to 1543, extending oyer all the cylinders of each row. They are connected together by croes- 
bracing in the centre of each span, and at points intermediate between the centre and the supports ; 
and where they rest on the Middlesex pier and abutment are built into the brickwork. The 
bottom of these girders is at a lower leyel than the bottom of the outside main girders, inasmuch 
as it was impossible to obtain sufficient depth without resorting to this arrangement. As it is, the 
depth of these girders is only 5 ft., or ^ of the span. If the spans in the fan had been 154 ft., 
the interior plate-girders instead of being ^ would have been less than -^ of the span. Hence the 
advantage of intr(^ucing the smaller spans of 100 ft. The elevations and sections of the interior 
plate-girders are shown in Figs. 1543, 1544. They are of the ordinary construction, and weigh 
about 26 tons each. 

1544. 
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The outside main girders do not make exactly the same angle with the centre line produced 
of the parallel portion of the bridge. The shape of the fan is therefore not accurately that of an 
isosceles triangle — the distance between the centre line of the fan and the centre line produced of 
the parallel portion of the bridge, being 7 ft. 9 in. at the Middlesex abutment. Fig. 1503. These 
outside main girders, which are over the centre of the outside cylinders of the piers, are raised 
above the interior plate-girders by cylindrical making-up pieces of the same diameter (8 ft.) as the 
upper lengths of tne outside cylinders, Fig. 1538. These cylindrical pieces are filled with brick- 
work in cement, resting on the bed-plate, the top being covered with a bed of an inch in thickness 
of Portland cement, raised } an in. above the top of the cylinder, and forming the bearing surface 
of the girders. 

The triangular spaces between the outside main girders and the outer interior plate-girders are 
filled in with cross-girders, riveted to the sides of the latter and suspended underneath the former, 
and are terminated by cantilevers projecting beyond the face-girders. Figs. 1503, 1538. These 
cantilevers are similar to those outside the main girders of the 154-ft. openings, and like them are 
placed about 11 ft. apart from centre to centre, thus preserving the uniformity. 

The girders of the fan rest directly on their supports, no rollers being interposed, excepting 
underneath the outside main girders, where they rest on the Middlesex brick pier and abutment ; but 
the bearings for the interior plate-girders on the cast-iron bed-plate over the cylinders are planed. 
The ends of the cylinders on which the bed-plate rests are also planed. 

Roadicay and Footpath Platforms. — ^The roadway platform over the openings 164 ft. span, con- 
sists of planking 4 in. thick, spiked to longitudinal timbers, 15 in. by 15 in., placed underneath 
the rails, and bH^lted to the cross-girders. The roadway platform over the fan end consists of 
planking 6 in. thick, secured to the interior plate-girders and to longitudinal timbers spanning 
the cross-girders in the triangular spaces. By abandoning the longitudinal timbers in the fan 
over the shallow interior plate-girders, which the arrangement permitted, additional depth was 
obtained for these. The footpath platform on each side consists throughout of planking 6 in. thick, 
secured to the top of the cantilevers. The roadway platform is covered with tar pavement about 
2 in. thick, and the footpath platforms with asphalte 1 in. thick. The longitudinals and the whole 
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of the planking are creoeoted, and the latter is grooved and tongned with iron, and caulked with 
tar and oakum. The rails over the bridge are flat-bottomed, and of the ordinary section. On 
the outuide of the footpath an ornamental railing, of cast-iron, is fixed, Figs. 1545 to 1548. A 




1646. 




164T. 



1548, 







I 



&— 



6.f% 




aS 




1550. 



V4 

TMKvl 



: — «•• -. 




i 



1551. 



railing of a pattern generally similar is fixed to the main girders on the inside of the footpathfi, 
to prevent the railway being trespassed upon. 

On the Charing Cross railroad tliere are several small iron bridges, many similar to Broadwall 
Bridge, Figs. 1549 to 1553. This bridge consists of six inner working girders and two face-girders 
with a light parai»et . 
riveted to the upper I 
flange. It has a s^n of 
41 ft., and the depth of 
the girders is 2 ft. 6 in. ; 
top flange, 16 in. wide 
by } in. thick, riveted to p 
web by two angle-irons, j;^ 
4 in. X 4 in. x i in., and l» 
pierced with holes for 3 
■| rivets every 3 in. on 
each side ; bottom flange, 
15 in. wide by f in. thick, 
riveted to web by two 
angle-irons 4 in. x 4 in. x 
f in. ; web, J in. thick in 
seven sections, connect- 
ed at vertical joints by 
two T-irons, 5 x 2^ x J. 

At each end of ginler there is 
a bearing-plate. For face-g^irder, 
top flange, 9 in. wide by \ in. 
thick, not centro<l with web, to 
which it is connected by two angle- 
irons 3 X 3 X ^. 

The girders in this bridge are 
braced by a system of diagonal 
bars, 3 in. x g in., connected to 
girders by means of short pieces 
of T-iron, riveted to top and 
bottom of webs about 6 ft. 8 in. 
apart. 

In addition to the ordinary 
angle-iron cover, a strip is rivete<l 
to the opix)8ite side of the girder. 

The weight of the six working 
girders is 26| tons ; of the two 
face-girders, 4^ tons ; and of the 
whole bridge, 43 tons. 

Wellington Street Bridfje. — This, 
on the same line, is tlie largest 
single-web girder bridge on the line, the length of the girders being 134 ft., and the span on skew 
118 ft. The girders are 12 ft. deep at centre, and 9 ft. 8 in. at the ends. 

The flanges are 2 ft. 6 in. wide, riveted with six rows of 1-in. rivets. The top flange is built up of 
five f plates at centre, reduced to three at ends. In addition to the two angle-irons which connect 
this flange to web, tliere arc two others of the same size, 5 x 5 x |4, riveted to each edge, Figs, 
1554, 1555. The bottom flange is built up of one \\ and four | plates, reduced at en^ to one 
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U and two | plntcB. On each aide i^ the upper side of this flange a bu, 9 in. x -H, is riveted. 
TuLa IB sliovn id FigB. I5M to 1558. Fi;^. 1558 Bhows the w&y the plateB break joint. 

The web-pUteH, with the exception of the enil ones, „^ iuf_ 

ore 2 ft. S id. wide, tlie end ones beioE 2 ft. wide, as 
shown in Fig. 1558, f thiek for a len^h of nine plates ■ 
at either end, and ,>, for the remaining distance. 

Rerenrinj; toFi^. 1556 to 1558, it will be seen that a 
i plate is riveted to the ends of the girders b; mean 
angle-iron iiuisfta, 3 in. x 3 in. x j in. ; also, tiiKt at 
two end web-joints i guiMt-ptatcs are riveted, with si 
lai angle-iron, Aftur the bridge was erected, if was 
found noceasary to stiffen the ends of the girders 




Bttachinj; reverse angle-iron, 3 y 3 x ^, to the end and guisct pktes. The intermediate vertical 

Sints of web are connected by two "]"-iron guaaets, 6 x 3 x |, and two strips, 6 x f alternately. 
tiese stri|)8, as shown in Fig. 1551. are cranked to sot over the longitadinal angle-iron. 
One end of each girder was provided with a tiearing-plate, 5 ft. x 4 ft. x j : the other end had 
attached to it a cast-iron plate, *2 in. thick, to bear on eight rollers, 4^ in. diameter. The roller- 
beds are aluo of cast iron, 2 in. thick, and further strengthened by having three ribs, 3 in. deep, cast 
on : tlio roller-frames aru of wrought iron, 3 in. x 1 in, 

A longitudinal scctioii of this roller arrangement la shown in Fig. 15S8, and a transverse section 
in Fig. 1557. 

In Fig, 1 558 the lengths of top and bottom angle coeeri are shown by the number of rivets In 
each. The first have seven and eight boles in each arm respectively, and the second nine and 
ten ; BO that, since the rivets ore 4-in. pitch, the lengths are 2 ft. 8 in. and 3 ft. 4 in. 
The ordinary lengths of 

Angle-bars 13 ft, I Jointo to flat bars 3 ft. 4 in. 

FlBtbarB,9xH nft.4ia| Laminated plates .. .. .. 6 ft. 8 in. 

The dimensions A A, Fig. 155S. are 16 in. each, so that they contain four rivets in the direction of 

" " ' * rows of rivets, we have an 

1. against 14'76 sq, in., the 



«i of rivets of 4 OS 



length of gilder each. Considering one plate only, since tliere ai 
aggregate of twenty-four 1-in. rivets, or a sectional area of 18' 81 sq. i 
sectional area of a bottom plate through a line of rivet-holes ; or an eic 
sq. in. 

The cross-girders are 41 ft. G in. long, which makes the dietance, centre to centre, of m ^ . . . 

39 ft. Thedistance, centre to centre, of the er(«»-girderathenuelvea, is 4 ft. They have a central and 
end depth of 2 ft. and 1 ft. 4 in.; the Honges are 15 in. x J, connected to a | web by 4 x 4 x ) 
angle-irou. The top flange has also riveted to it an extra plate, 19 x }, for attaching roadway 
plate. Fig. 1555 is a section of one of the girders, showing a road-plate attached at B. Th« 
length of the girder is divided into eight panels by vertical X'irons at joints. 5 x 2^ x J. 

At each end of the bridge there are ahw shorter cross-girders; but they are the same as a 
41 ft. 6 in. girder, with a piece cut off one end. The ends of the cross-girders are riveted to the 
mains with twenty-four rivets, 1 in. diameter. 

To the ends of the cross-girder, a cast-iron oomice, C, Fig. 1554, is bolted. 

The rivets through longitudinal angle-iron and webs are 1 in. diameter, and ttuongh vertical 



if each main girdet ii 69 loo* : <rf all 



1 line, and the other onl; alightly oat of tqnare. 




The main box-Kirdera, which are 110 ft. long, have a central and end depth of 10 fl. 6 In. and 
B ft. 10 ID. : both flanfiEB are 2 ft. 6 in. wide ; the lop is bnill up of tie -fi, platee at centre, rednoed 
to four at ends ; the bottom ia built up of one J and four fg platea at centre, lednced to one | and 
three ^ at ends. Each flange ia connected to the weba by four angle-iroDS 6 x 6 x -^ : eight in 



n gilder 
a 12 cwl : and of 



ue»rt. 

The girden are braced inleruBlIy at aeven points by a lyatem of lattice-bam, shown in Pig. 1559; 
the ban are 2 x J, and are riveted to T-irons, which, in this case, are Bubstitnted for the interaal 

The cross-girders, twenty-four in number, have flanges 15 in. wide x i thick, riveted to a 
} web by 4 X 4 y ) angle-iron: they are 2 ft. deep, and each end ia riveted to " 
with twenty 1-in. riveta ; tbc web is divided by vertical T-irons into eight panel 

The weight of both main girders is 106^ tons ; of all the oioai-giniera, 71 toi 
the whole bridge, 214 tons 17 cwl. 

The roadway ia oD the sectind system. Fig. 1559. 

The constructive armngemcnl of the bridge, oihibited in Figs. 1562 to 1569, introduced by 
Albert Fink, is a modiflc&tion of the principlea employed by Bollman. In Ihia bridge a pair of 
diagonal tonsion-bars ronn<vl the foot of the principal strut, or /n'ng post, in each truas, with the 
en£ of the top chord. This pair of diagonal bars support one half of the whole weight of the tnii* 
and its load. Each bslf-9[iaii is Biibdivided by a strut, and two diagonal tension-bara extend, one 
to the nearest end of the top chord, and the other to the lop of the centre poat. Each qoailer- 
Bpan ia again sulKlividcd into eighths, and tiieso again, for spsna greater than 100 ft., into six- 
tecDlhs. In a truss of this kind, of sixteen panels, the weight at tlio bottom of the stmt nearest 
to either of the piers is distributed thus :~CHlling the weight one, one half is transferred directly 
through a tension-rod to the nearcsf end of the lop rho^ and to the pier. The other half is 
carriol up to the top of the second strut from the pier, and ia rereivcd at the bottom of that itrnt 
by a pair of teusion-roda, which divide this half between them, one fourth being taken directly to 
the nearest pier, while the oilier fourlh is transferred to the tnp of the strut at the quarter-apan. 
Tbia fourth ia again diWded at the foot of this strut, one eighth being tr»nanutteal through a 
tenaion-md to the nearest pier, while the other eighth passes to the top of the middle strut of the 
span, and ia received at the foot of thiB strut by the main tenaion-mds, each of which transmits 
one-sistecnth of the original loud to each pier. Thus the weight at the foot of the first strut from 
the end of the truss is distributed thus :— One-half, one-fourth, one-eighth, and one-eiiteeutli, or, 
in oil, fifleen-siltoentlis of that weight reach tlie top of the nearest pier, tlirough four converging 
Bets of tpnsioD-rods, white the remaining aiiteonth reaches the opposite pier, after being brought 
to tbe foot of tlie centre strut, through the intervention of three separate systems of tension-bare. 
With tlie exception of the load at the foot of the centre strut, which load is transmitted directly to 
the piers, tbe loads at the bottoms of tbe vertical struts are more or less subdivided before reaching 
the ends of the truas. In 1852, A. Fink erected a bridge of three spauB, of 205 ft. each, aeioai 
tlic Monnngahela Kivrr, Figs. 1.H2 to I5U9. The trusBes for a single line are 16 ft. apart from 
centre to centre, and the main tension -chords are attached to the foot of the centre strut, 22fL Bin. 
below tbe centre of tbe top chord, thus giving a depth of tmas equal to 0-11 of tbe span. The 
lop chords and the centre struts are of east-iron pipes, octagonal in their external form, 12 in. 
diameter between their parallel surfaces, and 10 in. in internal diameter, thus giving 41 aq. in. of 
Bection. The main tenaion-rods in each truss arc each formed of six bare, 4i in. bj It in., giving 
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a section of 33{ sq. in. The vertical stmts, ¥rith the exception of the centre strut, are cast-iroD 
octagonal pipes, 8 in. in external and 7 in. internal diameter. 

Chain and Suspension Bridges. — Suppose a perfectly flexible chain or cord of uniform density 
and thickness to be suspended from two fixed points, A and B, Fig. 1570, and when in equilihriiim 
to form the curve A OB; this 
curve is termed the Catenary. The 
equations of this curve, of so much 
importance in mechanics, being of 
a mixed exponential kind, mathe- 
maticians were obliged to resort to 
guessing and all sorts of dodges, 
to obtain results which were often 
very far from the truth. The 
results here referred to can now 
be obtained with the greatest ease 
by direct processes of the dual 
calculus^ in an endless variety of 
ways, without the use of tables. 
It may be necessary to inform the 
reader, that here, as elsewhere, 
we accommodate those inexpe- 
rienced in such inquiries with so- 
lutions npder simple forms easily 
intelligible. 

To find the Equations of the Cate- 
nary Curve. — Let O be the lowest 
point of the chain or cord A O B, Fig. 1570, OM = a?;Mr=y; and the length of the arc Or = s. 
Again, let o be the length of a portion of the chain, the weight of which is equal to the tension 
at O. If we suppose the part r rigid, after it has assumed the form of equilibriiun, it will evi- 
dently be supported in the same manner, and the tensions at O and pqr will be the same as when 
it swung loosely suspended from the points A, B. Opqria therefore kept at rest by three forces, 
namely, the tension at O acting in the direction of the tangent O Y, the tension at the point pqr, 
acting in the direction of /> 9 T, the tangent to the curve at the point pqr, and the weight of the 
piece of cord or chain O r, acting in a vertical direction. Because the three forces just described 
are respectively in the directions to the three aides of the triangle Tp'bl, the forces being in 
equilibrium will be proportional to these sides. 

Hence, (Weight of Or) : (Tension at O) :: TM : M/). pqr represent a very gmaU right- 
angled triangle, similar to the larger right-angled triangle T Mp ; in the language of the differential 
calciilus qr IB represented by rf j:, rpoy dy, and pqhjds. Whence, v being put for a piece of 
cord or chain, the weight of which is equal the tension at O in the direction of the tangent O Y ; 

dy V 
therefore, s I v i: dx I dy .•.-— = -. 
' dx 8 

In every plane curve (ds)^ = (dxy + (dyy, and, consequently, :t- = ( 1 + t^» ) • 

ax \ d x* J 



&A. 


dy 


X 


-Mi 


Q 








u 


\ 






c f' 






N 


r 


M 




T 






C^**= 




r 


y; \ ^ 


'\ 






i \ 


\ 


V 




X \ 


\ 




D 


\ 












\ 


c 





.*. In the catenary 



ds _ Vtji + a« 



dx 



yOTdx = 



sds 



^v^ + ifl' 
Taking the integral of this last equation, and observing that 5 = when jp = 0, we obtain 

a: -f o = V tj* -J- fi«, 0Ts' = x' + 2vx. [1] 

When V is determined, [1] is the equation of the catenary expressed by x and s as variables. 

d y V V 

Again, because ^j-- = — = — , which, being integrated, gives 



dx 



' /Jx^-{-2vx 



y , iF+ tJ + V ar* + 2 tJ* 
- = log. 



X -^v . tj 3^ •\-2vx 



f = — ^— -f 



[2] 



f being put for the base of the hyperbolic system of logarithms, [2] is an equation to the curve 
between the variable co-ordinates x and y ; v being unknown, but constant. The dual logari thm 
of e = 108, written ], (c) = 100000000, e = 2-718281828 .... 



Transposing 



x-\-v 



, and squaring both sides of [2], we obtain 



«v 






a:* + 2pa? 



[3] 



Further, because, [1] »' = (x + r)» - »», and J = ^1^ ; .-. (. ^ - i±f J= ^ 

.. . = ^J-.-'). [4] 
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[4] is an equation to the catenary between the variables s and y\ it is to be partionlarlT 
observed that v is unknown in [1], [2], [3], [4], but not variable. Suppose < to be the length 
of a portion of the cord or chain which is equal to the tension of Q, then O E = ar, E Q = y, 
OQ = *,and *:«:: QG : GE ::(/s:(/ar .-. 8ds=itdx. Differentiating [1], or a* = x* + 2«jp, 
givessrfs = arrfx 4- tjrfa: /. *rfx = xrfo? + tjrfx; dividing by rfx gives * = a? + c. 

Now, suppose the tension at Q to be balanced by means of Q B, a portion of the chain 
passing over a pulley at Q and hanging freely ; then QK = ar + o = OE + tj; consequently, 
FB=:YD = 0C = t7, evidently a constant quantity, although unknown. Hence, if the tension 
be supposed to be balanced by means of portions of the chain or flexible body hanging over 
pulleys at the points pqr^ Q, A, the lower ends will be in the same horizontal line, K, D, G. 

Ques. — A heavy flexible chain, each foot in len^h weighing 20 lbs., is suspended at its 
extremities to two flxed points in the same horizontal line, 106*2 ft. asunder, the greatest depth 
of the curve being 15*8 ft. It is required to find the length of the curve, the tension at the lowest 
part, and the tensions at the points of suspension, by direct calculation, without the use of tables, 
or methods of approximation. 

In dual arithmetic we have three corresponding numbers, namely, natural number, dual 
number, and dual logarithm ; any one of these corresponding numbers being given, the other 
two may be found by a few simple additions and subtractions. 

We have first to put equation [3] in form to be operated upon by dual arithmetic. 



x+v= U" + — y 



[3] 



When y is put = 1, x may be represented c*, x and y being both given to find the value of o. 
Hence [3] becomes 2<? (—\ + 2 = €^ + -7 

1 I r: 1 



2c« 



(v) = - 



2 + -r-= ."- 



1 
8» 



%v 



.,5(i)t..n.4, 



or. 



Putting 



2 



= X, 



the last becomes 






2cV« = «'--r. 



[5] 



This question being the first of the kind solved by an independent and direct process, without 
employing tables or approximate methods of trial and error, it is therefore necessary tliat we should 
be particular with respect to details. 

The dual logarithm of 2 is the whole number 69314718, written i, (2) = 69314718,. This 
logarithm is of tlie ascending branch, marked by a comma on the right of the logarithm below, 
and immediately after the arrow. The dual logarithm of the reciprocal of 2 * or of ^ is represented 
by the same whole number '69314718, and written, i, (}) = '69314718; this logarithm is of the 
descending branch, marked by a comma to left of the logarithm above. When 69314718, is consi- 
dered positive, '69314718 is considered negative, and vice versa. 



Natural Numbers. 



2 00000000 
•50000000 



Dual Numbers. 



s 



7,2,6,0,7,8,2,6, 
'6 '6 '0*6 '8 '2 '0*2 



DualLogarithms. 



69314718, 
'69314718 



i, (10) = 230258509, and 



'■ (.^) - 



230258509 ; 



the same notation and arrangement is applied to other natural numbers and their reciprocals. See 

the Editor's works on Dual Arithmetic. 

15*8 
In the question before us, c« = r— = -29755178907; 

.-. i, (2 c) = i, (1-09096616) = i, 0, 8, 7, 4, 6, 4, 5, 5, = 8706369, and [5] becomes 

,. - «7 = 1 -09096616 VI i, (c) = 108 = 100000000. 

Then, putting t<|, for the first dual digit of z |, (c), and 'tf| for the first dual digit of the loga- 
rithm of — ^ 1, («) the reciprocal to « i, (e) ; 'mj is nearly = Mj, but less than ttj. 
To place this matter in a clear light, it is only necessary to observe that 

If X = i 1, 0, 0, 0, 0, 0, 0, 0, then -i = 4 '1 1, 0, 1, 0, 0, 0, 1, ; (9531018,). 

X 

„ x« = i 2, 0, 0, 0, 0, 0, 0, 0, „ ^ = i '2 2, 0, 2, 0, 0, 0, 2, ; (19062036,). 



„ur» = 13,0,0,0,0,0,0,0, „ -j = i '8 3, 0, 3, 0, 0, 0, 3, ; (28593054,), and so on. 
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U (*) = U (1*1) = U 1,0,0,0,0,0,0,0, = 9531018; 

^' (7) = ^' (A) = ^' '^ 1,0,1,0,0.0,1, = »9531018; and 
These things being premised, we have 



soon. 



1 + 1 [wi . . . - (1 - t ["'i ...) = 2cV* = 2Vm, X (-9531018) ; 
but since Uj is nearly equal to u'l , in order to find a convenient value for u^ the last equation may 

be put under the form, + 2 ( y *- j = 2 c V «, x (-09531018) 

.-. 335 = c» u, (09531018); or u, = 100 c« (-09531018); 

which gives t<i = (-20755 . . .) (100) (0953 . . .) = 2835 .... Because 2-835 ... is less 
than a convenient value for tf| , hut greater than the corresponding value of u\ ; oonsequentlj | 3, 
is a convenient value for u,. By pursuing a similar process of reasoning, ;r as far as the fomih 
dual digit vrill be found to be equal | 3, 0, 3, 4, ti^, ; the next step gives the four succeeding digits, 
and at the same time develops the general plan of operating on such equations; besides, any 
mistake that may be made in the preceding operations will be detected. 

I, (1 -33553107) = i, 3, 0, 3, 4, 0, 0, 0, 0, = 28932904, 
Reciprocal, '28932904 = j, '2 7 '8 '2 '5 TO '5 = 1, ( - 74876579). Putting z, for the dual logarithm 
of 4 3, 0, 3, 4, «4, . . . divided by 10», or «, = • 28932904 + • 00001000 m. ; now equation [5] becomes 

t"* = 2c V -28932904 + -00001000 «, = 2 c V-28932904 Vl+ '00003803 «, = 

(i 0, 8, 7, 4, 6, 4, 5, 5,) V -28932904(1 + * 00001902 « J = • 58682320 (1 + - 00001902 « J 

58682 320 , , , . nnAAtnno 

-— because 1 + -00001902 may 

^^ be taken for the square root 

528 of 1+00003803. 



1116 
00001116 for -00001902 



.-. 2 c V -28932904 + -00001000 m, = -58682320 + -00001116 ti, 

f'» - -^ = 1-33553107 (1 + i [«.) - -74876579 (1 + j [u\ . . .); 

1 -33553107 (1 + i [tt, . . .) may be put = 1-33553107 (1 + -00001000 «.), 
and - -74876579 (1 + i [u', . . .) may be put = - -74876579 (1 + 00001000 nj; 

.-. c'l - — = -58675628 + 2 08429686 (-00001000 u.) ^*^®*^!^ 
fM ^ ^^ |2084 

5792 
.-. -58675628 + -00002084 u^ = -50682320 + -0OO01116 «, .'. ti, = -^^ = 5-983 

108 « = I, 3, 0, 3, 4, 5, 9, 8, 3, = 28938887, .-. z = -^ - -2893887 

.-. c = 1 - 72777897 true to the last figure, when y = 1 ; .-. when y = 53 • 1, t? = 91 - 745063 ft. 

From[l],a« = ar(a?+2tj) = 15-8(15-8+ 183*490126) .-. s = 56-11395 

.-. the length of the whole curve, Q O H, Fig. 1570, is 112-2279 ft. x + c = 107-545 ft. 

Tension at tlio lowest part = 91-745 x 20 = 1834-9 lbs. 
Tensions at points of susi^nsion = 107*545 x 20 = 2150-9 lbs. 
Ques, — The length of a heavy flexible chain A O B, Fig. 1570, is just double the horizontal line 
A B, joining the points of suspension A and B ; required the pressure on these points and the 
tension at the lowest point O ; the distance of O from the horizontal line A B is also required. 
If A X = 1, the length of half the curve, or A Q O, = 2, and equation [4], becomes 

2 = - fe» j-j; and putting « = -«» r = *^- 

When ar = 2- the dual logarithm of «' is nearly = the dual log. of 8* ; 4« = 8- also. It may 
be remarked here that, in operating with the dual calculus, we may take dual digits much greater 
or much less than any particular one pointed out, and yet obtain, without tentative artifices, a 
result as near the truth as we please. Since this method gives the same resiilt as near the truth 
as we please, by several direct processes, it presents a series of direct operations, and not a succes- 
sion of approximate trials. 
i, (7-38905004) = 200000000, and i, (-13533528) = '200000000 ; consequently we may assume 
7-38905604 (1 + T [u, . .) - -13533528 (l-f i [u\ . .) = 4 (2 • 200000000 + -09531018 u^; (A) 
200000000, is increased by 9531018, for every unit in u^ ; and 2-00000000 by -09531018. 
To find a convenient value for u^, (A) may become 

7-25372076 + 7 52439132^= 8 00000000 + -38124072u, 
.-. -37119841 ti, = -74627924 .-. m, = + 2or i 2, 



BBIDGE. 763 

In practice, one-tenth of the figures here employed would not be required to find that | 2, is a 
convenient vuluo for u,. This may be too great, but that is of no consequence, as the next digit 
may be negative to compensate for the excess in taking 

tt, = i 2, 200000000, + 19062036, = 1, (8 '94075744) and '219062036 = i, (11184734). 
To find a convenient value of u,, the equation now takes the form, 
8-96075744 (1 + U«» • •) - -11184734 (1 + T ["» • •) = 4 (2 • 19062136 + -00995033 u,); 

therefore we may put 8*82891010 + 9-05260478 ^ = 8-76248144 + -03980132 ti, 

/. tt^ = — 1 • or = j 0, '1. 

For every unit in «,, we employ 995033, and -00995033; but for every unit in *«, We employ 
'1005034 and — -01005034. 

219062036, 
'1005034 



218057002, = 1, (8 • 85134984) ; '218057002 = i, ( * 1 12977175) 
.-. 8 - 85134984 (1 i [u,) - • 11297718 (1 + T [«»•.)= 4 (2 • 18057002 + * 00099950 «,) 

This gives tt, = -3 or^'O'O'S 

This process bemg continued gives « = 2 i2,'l '3*3 5,0,5,2, the log of e* is 217731902, 
for L 2, '1 '3 '3 5, 0, 5, 2, Putting B for the base 1-00000001, then B^^ttsikw _ ^.i77»i»m. 

The reciprocal of 2-17731902 = -45928042 = v, the length of chain which is = tension at O. 

Butasitr*+2ra7 = 5«; x = 1 -592779 = X O. 

x-\-v = 2 052059 = the length of the chain that amounts to the tension at A and B. 

Ques.— Given the length of a heavy fiexible chain R Q O H N = 1130 ft. (2 a), Fig. 1570 ; this 
chain hangs freely over two pulleys Q, H in the same horizontal line Q H, = 226 ft. (2 6) ; required 
tlie position in which it will rest, the length of Q R, and the length of chain that is eaual to the 
tension at O. Let QE:OQR::i:nor6:(i::l:n. It is evident that when the chain is in 
a state of rest, what in the foregoing questions was the pressure on the points of suspension Q, H, 
will be equal to the weight of either H N or of Q R = x + v, the parts hanging vertically. Putting 
6 = the length of QO, whenQE = l =y; OQR = n;andQF = EO = ar, then* + « + » = n; 
» = FR = OC. 

1 



From [3]. ar + c = ^ ^c "+ -p^ 

f/ ; 1 



From [4]. 




, since y = 1. 



1 
Whence, from adding these equations together we obtain a? + « + 5 = n = c«* 

n* 1 /rV 

or - = c" or - = I - J 

Taking the - root of both sides of the last equation we obtain an equation easily solved by the 

dual method. /^ i V = /"l ^ = «. , putting x for 1 

i_ I 

Hence we have the final equation z* =f — V, or 4f j, * = i, j i V = i- i, ( - V 

Before the introduction of dual arithmetic, independent and direct solutions of equations of 
tlic above forms could not be efiectcd. 

l,f -^ = '100000000; and - = i = -; /. z L z = '20000000. 
\ € / n o a ^' 

•• ^= TIT 10, '6 2, 5, 6, 8, 3, 3,= -078658307; .-. v= -393291535, see Byrne's 'Essential Ele- 

ments of Practical Mechanics,' p. 124. The value of z, = — , not attainable by any previously 

known method, may be almost instantly obtained under a variety of forms by the dual calculus to 
any required degree of accuracy. In the present case, 

«= ^2 1'0'62,5,6,8,3,3,1,7,; z= ^14,7,2,1,9,8,2,2,= -078658307, and soon. 

Under the last form all the dual digits are positive. 

l,(^-^^ = '254264202 .-. 1,(^—^ = 254264202, 
.-. - = 12-7132147; and hence - = 2-54264294. 

V c 
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But we have before ahown that 



n = V€' /. iY-^ = l,/€»^== 254264202, and i,(^-i-^== '254264202; 

Whence « = —[«• pj becomes known. 

8 = -^ (12-7132147 - -078658307) = ('393291535 x 6-3172782) = 2-48448448 ; 

Becau8e,x4-tJ4-s = » = 5. .-. a: = 2-12222398. 
In these calculations, Q £ = y is put = 1 ; but in the question, Q £ = 113 ft 
.-. X = 289-8113097 ft. = £0 = QF; « = 28074675 ft. = arc Q O; and o = 44-441966 ft 

= F B = O C = the length of chain that is equal to the tension at O. « + x = 284*253254 O. 

= Q K = the length corresponding to the tension at Q or H. 

Ques. — In the Chelsea Suspension Bridge, Thomas Page, engineer, the central span between the 

piers is 348 ft. with a deflection O X, Fig. 1571, of 29 ft. ; supposing the entire weight of the 




chain A OB, when the weight of the platform, roadway, and full load is transferred to it, to 
be 1-5 ton for each foot of its length, required tlic strains at the highest points A and B, and the 
tension at the lowest point O, as well as the length of the catenary curve passing through the 
points A, O, B. 

\- = 174; ,J^ = 4 = c« .-. 2c = -81649658. 
2 1/4 6 

Whence equation [5] becomes 

- 81649658 V^ = C - ~ = 2 c V7; [a] 

c* 

M being put for ^r— ; v representing the length of the chain, whose weight is equal to the tension 

at the lowest point O. 

We propose to find the value of v under the form [ u^u^u^, , To find a convenient value 
for Mj, assume z = | m,, then [a] gives 

(1 + i [«„ . .) - (1 + t r^i • •) = 2c V7 = 2cVtti X -09531018 
9531010, being the dual of a logarithm of 1 1, or of each unit in U|. Since we arrive at the exact 
value of Zy whether we assume u^ too great or too small, 

(1 + [wi) - (1 - [Ml) = + 2 j^ may be put = 2cVtti x -09531018 
.-. ^=0^0*1 X -09531018) = i («, X -09531018). 



100 



9-531018 



.•. M, r= = I '59. 
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/. Tho reciprocal of «„ or '«, may bo put = i '1 *5 '9 . . . . or m„ = 1 1, 7, 

i, (1-17934889) = |, 1,7,0,0,0,0,0,0, = 16496249, 
Reciprocal = 'IG496249 = j, U '5 '9 '3 '4 \5 7 7 = 1, (-84792504). 
It is easily found that o, is the most convenient value for tij, hence we may put in [a] 

«= 11,7,0,M„ 

/. 6* = 2cV~1649G249+ -OOOlOOOOu. 



= 2cV -16496249 (1 + •00030310mJ = -33162478(1 + -OOOSOSIOmJ; 

e* may also be put under the form 

1 • 17934889 (1 + 1 [«o . .) - * 84792554 (1 + f l\ ..) = (!• 17934889) (1 + '00010000 m^) 

- (-84792554) (1 - • 00010000 u,) = -33142335 + -00020373m, 

-. -33142335 + •00020373m, = -33162478 (1 + •00030310m,) = -33162478 + '00010052 m^ 

•00020143 20143 , ^^^ 
• « — ^ ^ 1 • 952 

*• * • 00010052 19052 
.-. z may be again put = ^ 1, 7, 0, 1, 9, m-, when a greater degree of accuracy is required. 

1,(1-17957297) = 1, 1,7,0,1,9,0,0,0, = 16515249, 
Reciprocal, U65 15249 = 1, 1 '5 '9 '5 '3 '6 '2 '1 = 1, (-84776406) 

1-17957297 1-17957297 

•84776406 • 84776406 



33180891 2-02733 



7 03 
203 M0 



•00000 

2 c V- 16515249+ -00000100 Wg = 2 c V- 16515249 (1 + -00000303 m^) 

= -33181570 (1 + -00000303 Me) 
.-. -33180891 + -00000203 Mg = -33181570+ -00000101 m^ 

••• ^« = SiS = 15-2 = ^'^ ••• 1> ' = 1' '^'^'^ '^'^'^'^'^ = ''''''''^ 

or , •»«»»» _ 2^^^, = (• 81649658) V '16515915. 

To find the value of jt in such equations as [a\ to any required degree of accuracy, and by 
such direct, independent, and simple means, is, without doubt, a great mathematical acmevemenL 

z = ^ /. t> = 3-02738298 = three times the length of 00. 

ff + = 3*19404964; and the length of the catenary curve passing through the points 

A, O, = Vj:3 4.2t,jr, [1] ; 

.'. the lenprth of the curve A O = 1 - 01828555. But when A X ;= 174 ft., then o = 526 • 7646 ft. ; 
X + V = 555*7646 ft. ; and the length of the catenary curve passing through the points A, O, B, 
= 354*36337 ft. (526*7646) x (1*5) = 790-1468 tons, the tension at the lowest point O in the 
direction of tho tangent O F, and represented by the lengths of the three lines O 0, Fig. 1572. 
(555*7646 x (1*5) = 833*6469 tons, the tension at the highest point A, but in the direction of 
the tangent A T ; this tension is represented by the lengths of the three lines F R, and the line 
A F. The sectional area at the centre of the bridge = 214 sq. in. and the sectional area at 
A and B = 230 sq. in. ; hence a weight of only 5 tons to the sq. in. gives a power at O of 
1070 tons, and at A and B a power to sustain a tension of 1150 tons with ease. 

OOMFARATIVE MERITS OF DIFFERENT SYSTEMS OF IrON BrIDGE BuILDINO AOOURATBLT EXAXINKD. 

Taken from Jules GaudariJCs excellent teork^ * itude Comparative de Divers Systhnes de Fonts en Fer.' 

Oeneral Symbols. 

M = Moment of rupture, or moment of resistance which is equal to it ; 

F = Stress or transverse strain : 

R = Resistance the square metre (6000000 for tension or compression, 4000000 for shearing 

strain) (see No. 18); 
p = Permanent continuous load, the lineal metre of girder ; 
p' = Moving load, the lineal metre of girder ; 

q = Proportion — 4 — ; of the moving to the whole load ; 

P "T P 

P = Sometimes a weight applied to a certain point of a girder, sometimes the weight of the 

girder itself in its length of bearing ; 
/ = Bearing of the girder ; 
L = Length of the girder ; 
P 

— = Mean weight of girder, the lineal metre (see No. 37) ; 

P L 

— = Weight of the girder ; 

d = Void between the abutments ; 

PL 

-— = Weight the lineal mbtre of girder spanning the void ; 

8 = Interval between two successive points to which the load is applied, in gilders loaded in 
a discontinuous manner ; 
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m = — - or -^r-j- , aocording as 8 enters an even or an odd number of times into / ; 

n = Number indicating the order of a section of flange or a lattice-bar, the numbering 

beginning at the middle of the bearing ; 
a = Angle of inclination of the struts ; 
$ = Angle of inclination of the ties ; 
h = Height of the girder ; 
t = Weight the lineal metre of a prism capable of supporting a strain of 1 kilogramme, or 

proportion of the weight of a cubic metre to the resistance per square metre. For iron 
7800k 

' = 6000000 =«°«>^ = 

U = Coefficient applied to the flanges, the actual weight of which is always greater than the 
theoretical weight (see Nos. 63 and following) ; 

V = Mean coefficient of stiffness applied to oompresMd bars (see Kos. 68 and following) ; 

A = Supplementary term taking into account the weight of variouB accessories inde- 
pendent of h. 

The dimensions of an iron plate are denoted by the symbol a/6, the letters a and b being 
replaced by numbers indicating respectively the breadth and the thickness of the section. 

For an angle-iron, we write a/b/c or — , a and 6 being the breadth of the arms, and c the mean 

c 

thickness ; for a simple T* "T^ ? ^ being the total breadth of the double arm and c its thickness, 

c/d 

b the length of the single arm (including the thickness c), and d its thickness. 

For a double y rolled, -4%? ^ being the total height, c the thickness of the web, b the breadth of 

c/d 

the flanges, and d their thickness; and, generally, for k double T? consisting of plate and angle iron, 
we indicate successively the dimensions of the web, one of the four angle-irons, and one of the flanges. 
When angle-iron with arms of unequal length is used, the lesser arm is applied to the plate 
and bears the bolts, and the greater forms the projecting mouldings or flanges. 

1. Moments of Rupture and Thxnsverse Strain for Girders restintf freely upon Two Supports. — Let us 
consider. Figs. 1573, 1574, a portion A B C D of a girder included between any section C D and a 
support B, and subjected to various loads or verti- 
cal forces, as P. The reaction of the abutment 
is a force R also vertical. The reactions exerted 
at G D may be reduced to a force F and a couple. 
The other forces being vertical, F must be vertical 
also : it is in equilibrio with the vertical trans- 
verse strain in the section considered, the value 
of which is F = R — 2 P, the sign 2 indicating a 
sum. The condition of equilibrium relative to 
the moments of the forces requires that the moment 
of the couple, or moment of resistance of the section 
C D, should be equal to the moment of the other 
forces with respect to this same section. This latter moment, called moment of rupture, has the value 

M = Rar-2P(a:- ar,). Its differential -— - = R — 2 P = transverse strain. 

dx 

The vertical rib, or web of the girder, is besides subjected to a sliding strain upon its longi- 
tudinal fibres or horizontal transverse strain. Indeed, if we conceive the fragment COO'C, 
limited by two sections infinitely near C O, C O', and bv a horizontal fibre O O', this fragment is 
subjected, upon CO, to a certain pressure T, and upon C' O' to T -f rfT ; the resultant d T ought 
to be held in equilibrio by a force of adhesion Rj <r(f x upon O O' (<f = thickness of the web, Bj = 
resistance to shearing strain. 

The maximum of this action occurs when O O' is situate upon the neutral axis ; for then T is 
resisted by the force of all tlie compressed fibres situate above this axis. As the flange has a 
section usually greater than the rib, and, l>e8ides this, contains the fibres which are most acted 
upon, the i)oint of application of the resultant T will l)e very near the flange, and its value will be 
approximativcly equal to the moment of rupture M divided by the height h of the girder. Conse- 
quently we shall have d T = ~ =zB,^edxy whence e = — ■ = 5— r , which may be ex- 

n </ J R I A Rj A 

plained by saying that the vertical section rA of the rib should be capable of resisting a shearing 
force equal to the transverse strain, a condition which enables us to calculate the thickness e. 

2. Moment of Rupture and Transverse Strain due to a Load uniformly distnhtted.—U the load p 
per lineal metre extends tliroughout the whole length of bearing /, the figure of the moments of 

rupture will be the parabola M = - pjr (/ — x), the abscissa* being reckoned from the abutment. 

2 
This parabola has its axis vertical, and the value of its pnmmeter is - ; the maximum moment in 

P 
the middle of the bearing is -^ . The transverse strain is represented by the right line having 

o 
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for equation F =p(- — xj; it is = in the middle of the bearing. Considering the beginning 

of the co-ordinates in the middle of the girder, we should have ^= ^{j — ^'^) *^^ F = — pa?'. 

3. Let us now consider a load p' per lineal mbtre, uniformly distriouted as p, but extending 
only over a portion of the bearing included between the fixed abscissso x = a, and x = a + b, 
reckoned from the left abutment. Then, in the first interval, of length a, the moment of rupture 

t L 

due to p' will be represented by a right line M = ^j (2 / — 2 a — 6) « ; in the second interval, of 

Ici^gth 6, by an arc of a parabola tangential to the preceding right line, and expressed by 

M = ^T-r (2 / — 2 a — 6) jp p'i^ — apl and in the third interval, of length / — a — 6, by a new 

^ t it 

tangent to the parabola, namely, M = ~ — ~-j (/ — a:) . The figure of the transverse strains is 

a broken lino, the extreme portions of which are horizontal. 

For the maximum of the moment of rupture p' must extend over the whole bearing ; but for 
the maximum of strain at the point, the abscissa of which is x, p' must lie only between this point 
and the most distant support. If it lies between the point in question and the right abutment, 
the force is positive, if we consider as positive those forces which act upwards ; it is expressed by 

F = ^ (/ — x)', and is consequently represented by an arc of a parabola, the ordinate of which 

upon the left support is A C =^, Fig. 1575, the ordinate in the middle OE =^, and the 

ordinate at B = ; this latter point is the summit 
of the parabola. When, on the contrary, the load 
is placed upon the length included between A and 
the point the abscissa of which is x, we have as the 
figure of the straining forces, then negative, another 
parabola A F D, having its summit in A, and the ^^ 
maximum ordinate of which, absolutely expressed, 

p'l 
is — B D = — ^jr- . Thus the load p', by changing its 

position, produces at each point of the bearing transverse 
strains sometimes positive, sometimes negative. 

4. In brief, if we have at the same time a dead weight p and a moving weight p', the maximum 

moment of rupture will be ^ = o (i' + y)^('~ ^)» ^^d the transverse strain in the left half 

1 p'i' 1 / x' \ 

WF= ^iP+p')ii-'2x) + ^Yf- = -Cp + p')ll— 2x+ J q\, q denoting the proportion of 

the moving weight p' to the total weight p 4- p'- 

The value of the area comprised between the figure of the moments of rupture and the axis of 

the x's is ^ {p + p') l^y and the area of the maximum straining forces, absolutely expressed, is 

7 (P "f* i>') ^ ( 1 4- ^ ^ ) for the whole bearing. Dividing these areas by /, we shall have the mean 

ordinates of the moments of rupture and of the maximum straining forces. Sometimes the effects 
do not depend exclusively upon F or M, but upon a function of the form B F — A M. Now if we 
consider only p', this function will be greatest when p' extends between the point considered and 

the farthest abutment ; it will then attain the value i—i L (B — A x). 

5. Effect of Loads uniformly distributed at certain intervals. — When a girder supports discontinuous 
weights P, P' P", . . . applied to points having as their abscissae a, a + 6, a + 6 + c, and so on, and 

such that F = - p(a +1), P' = 5- p (6 + c), and so on, the figure of the moments of rupture is a 

tu Ju 

polygon inscribed in the parabola which would correspond with a load p per lineal m<^tro, uniformly 
distributed over all the parts of the girder. 

Supposing each of the extreme intervals equal to a, all the intermediate intervals to 8, and 
/ = 2 a + N 5, the permanent weights a])plied to the points of division will be equal to p 8, except 

at the extreme points, where they will be ^ p (a + 8). The load p' will furnish analogous weights, 

but they can be only on a certain number of consecutive points of division. The transverse 
strain for a given load is constant in each interval, but varies from one to the other. In order 
tliat it may reach its maximum in the interval preceding the point having as its abscissa a + k 8, 
the load must be applied to this point and to all those which follow it, as far as the right abut- 
ment, the point in question being supposed on the left of the middle of the girder. We shall thus 
obtain for this maximum, 

but this formula docs not apply when k = 0, that is for the extreme interval ; in that case we 
have F =^ (p+p')(N5 + a). 
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6. UsTxally all ttie intervals arc equal to each other. Making, therefore, a = 0, and / = NS, 
wediftUhave P = ^(p + p') (N-2 ic + 1) fl + ^ ^^^ 2 1+ 1) ^1 "^ t^^e inter\'al incladrf 

between the absciflaaB (k - 1) 8 and k 9. This rormnbi holds good for the first intenral. 

To find the sum of tlio values of the transverse strain in all the intervals when N is an 
even number, take the sum of the preceding expression in which k assumes the suoceasive values 

1, 2, - , and double the result for the whole bearing. We thus obtain 



- = <'+rtT(' + W'). 



and multiplying by 8 we shall have the area of the polygon of the maximum straining forces 

absolutely considered. When N is an odd number, find the sum on the supposition that ir 

N — 1 
varies from 1 to — - — , double the result, and add the force of the middle interval which will 

it 

correspond with k = "j" . We thus obtain 2 F = (p + p') / "Z. ( 1 + ^ 9 V 

2 4N \ o / 

The area of the polygon of the moments of rupture may be found by taking from the area of 

the circumscribed paral)ola N small segments, the chords of which have each 8 as a horizontal 

1 
projection, and the surfaces of which have the constant value rjCp +1>')^' We thus obtain for 

N^— 1 
the area sought (p + j>') Z' ^^^ , a formula which applies whether N be an even or an odd 

number. We should have —(p+p*) (/» — X 8'— 2 0*) in the more general case in which 

/ = 2a + Nd. 

7. When we have to consider an expression of t^ form B P — A M, where M denotes the 
moment of rupture with respect to the point the abscissa of which is ic 8, and F the force in the 
interval preceding this point, wo shall raise it to its maximum by applying the load to the point 
the abscissa of which is fc8 and to the following points of division as &r as the right abutment, 

K 8 being supposed less than -. We obtain in this way the maxima value 

1^ (N-k)(N-« + 1)(B-Ak8), 

the term due to the permanent load not included. If, on the contrary, F were the force beyond 
the point the abscissa of which is ic 8, to obtain the maximum we should have to suppress the 

!>• 8 

weight at this point, and the formula would then be J-^ (N — n) (N — « — 1) (B — A ic 8). 

If the expresflion considered were of the form B F — A M — A' M', M being the moment at 
the point the abscissa of which is k 8, M' that at the preceding point the abscissa of which is 
(ic — 1) 8, and F the force between these two points, this expression would be 

p'8 

|^(X - ic) (X - If + 1) [B - Air8 - A' (ic - 1) 8]. 

8. McmenU of Rupture produced by the Passarje of a Wheel. — A weight P applied to the point the 
abscissa of which is a, reckoning from the abutment, would produce moments of rupture repre- 
sented by two right lines beginning at the supports and meeting at the loaded point where the 

ordinate reaches the value ^ "" "* . But if this weight P be a wheel rolling from one end of 

the lx»aring to the other, the maximum moment at any given point will be produced when the 
wheel is passing over this point, and the maximum moments will be the parabola having the 

equation M = — and the parameter - . 

If the girder support besides a uniform load P per lineal metre, it will be sufficient to substi- 

tute for P in the preceding equation P + ^ . 

But the parabola representing the moments due to P is only an imaginary one, since at any 
given instont there exists only one of its points, the one determined by the ordinate on the right 
of the load ; and tlie moments of rupture at tliis instant arc the broken line of which we have 
already spoken. Tlie force F is also not derived from the parabola, but the inclination of one or 
the otlier of the right lines cx)mpoBing the broken line, according as we wish to find the force on 
one side or the other of the section considered. 

9. Moments of Rupture pntdmrd by Ttco Wheels. — The two wheels occupying a determinate 
position, the moments of rupture arc a broken line composed of three right lines. But to have at 
a given point the maximum moment we must bring one of the wheels of the vehicle upon it, 
the other wheel so placing itself that their common distance d remains constant. If the left 
wheel P be placed upon the point the abscissa of which is jt, tiie moment of rupture will be 

M = J [Q (/ — j) - P' (/], Q representing the quantity P + I*' + ^ , on the hypothesis that the 

girder supports besides a permanent load p a lineal ml-tre. 



ADYEBTISEMENTS. 



OFFICE FOR PATENTS, 1, SERLE STR 
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^ MESSRS. DAVIES &, HUNT, 

FBOOUBE BBITISH. OOLOmAL. and TOKESSS FATEFTS for mVENTIOKJ 



!HA£( 



■-.♦. 



Foil particulars given in their 'Handbook for biTentors,' to be bad (gratis) fropi|, 

1, SERLE STREET, LINCOLyS INN, W.C. 

JOHN DEWRANCE & Co., 




Also Hydraulic Ganges np to 20 Tons per square in., 

176, GREAT DOVER STREET, LONDON. 



FBIOBS in Polished Brass 
Oases. 

4|'diaiiu ..£1 2 each 
o „ .. 1 12 ^ 

6;; ,. .. 1 17 „ 



»» 
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a 
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ADVANSAGBS. 
1. Aoouraoy. 
8. Sixnpliolty. 
8. Freedom from Injarions 

Viliration. ^ 
4. Not flSBoted by wto^t, 
6. All woxkinsr parts ntstened 
to one plated 



JOHN DEWRANCE & Ob/s ANTI-FRIGTION METALS. 
Babblttfs for Linhiff. Beariogi, Ac, i>rioe per cwi, carrent maricet price of Tin. 
Pbcenix for Solid Bearingt . „ 70i. to 9Qf., aooordlug » 

FentOD's for MIU Bearing*, „ . 60t.toTat., ^ h 

Babbilfi is the best Anti-Ariction Metal, and leaves the Bearings like polished 
silver. Phoenix Metal is the nitzt best» bat is adapted for Solid Bearings. Fenton's 
is for roagh Mill Bearings. The n hole of the Metals save much power, having a 
very low coefficient of friction. They also save much lubricating material. 




I. AND T. HEPBURN AND SONS, 

TANNERS, CURRIERS, 

Manufactiirers of all kinds of Machine Leather, Cup and Hydranli 

Leathers, Prepared Lace Leathers, 
Strap Butts, Sole Butts, Puimp Butts, Leather Hose Pipes. 

WIRE-SEWN & OTHER LEATHER MACHINE BANDS 



Their "Composite" Double Band of leather and prepared untanned hide is much stronger, and lei 
liable to stretch than an ordinary double band« It is siso less costly. 

For extra heavy work I. and T. Hepburn and Sons have introduced a ** CompdIUe'* Triple Band, compose 
of two layers of tanned leather with a strip of prepured untanned hide between them, sewn with wire. Tl 
** composite '* triple band is not more expenuTe than a good double-leather band, and is allowed to be far moi 
durable for severe work. 

I. and T. Hepbubn and Sons' Waterproof Leather for Pump Buckets retains its shape and remains solid i 
water. It is in general use in mines and collieries, and may be had of all dealers in leather. 

Each butt bears the following stamp : — 



PRI 

MEDALS, 



♦Cpump leathw)4^1 



1861, 
1855, 1862. 



I. AND T. HEPBURN AND SONS, 
LONG LANE, SOUTHWARK, LONDON. 



ADVEKTISEMENTS. 



JOHN & HENRY GWYNNE, 

ENGINEERS, 
HAMMEBS]ffITH IBON WORKS, W. 

LONUOIV OlTS'ieE : WO, OAINNOIV SXllEKT. E.C* 

Uanufacture all descriptioiu of Hydraulic Hachinery of the moat unproved conatruction, 
Centrifugal Fumpa, Combined CentrifugeJ, Pumping: £nginea for circulating the Water in 
the condensers of Harine Engines, for Hydraulio Fropulaion, also for Drainage Seclamation 
and Irrigation Works. Machinery for Bheep and Wool-'wasliing, for Dressing Tea and 
Coffee. Improved Ounpovdei Hachinery, Patent Turbine Water Wheels, Hydraulic 
Presses and Bams, Patent Machinery for Emptying Graving Docks. 




TWO FIRST-PBIZE MEDAI.8 AWABDKD AT THE INDIAN EXHIBITION AT BERAR. 
OOLD JUTD BILTSE HEDALS AT BBUBBZLS AKD HAVBB. 

A. WRIGHT & CO., 

55 and 55A, MEiBANK STKEET, WESTMINSTEE, S.W. 
GAS METERS, 

WET AND DRY, OP THE- HIGHEST EXCELLENCE. 
STANDABD TEST QASHOLDERS. 

Ktgisttrinj aitb all otbtr liinbs of ^trtssurt aiib gtliaust fiattgts, 
SbtrmoDutcrs, &c. 

STATION METERS AND GOVERNORS. 

WrrU LAVA BlIlNEIUi, TO ANY DESIB£D CnKSl'UlTIOK. 

STANDARD PHOTOMETERS AND TESTING APl'ARATOS, 

Of the most psrfl»ct dssorlptlon for all pniposas r^atlng to Oas. 



